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PREFACE 

The National Conference on Concrete Road Building had its origin in 
the following resolution, adopted at the annual meeting of the Directors of 
the Cement Products Exhibition Co. in Chicago, May 13, 1914: 

Whereas, the use of concrete in roads and streets has increased with 
singular rapidity during the past few years, and 

Whereas, there is a diversity of opinion and experience relative to 
costs, materials and the best methods of construction, and 

Whekeas, the Cement Products Exhibition Co. is a co-operative 
educational organization for the development of concrete construction in 
every legitimate field through the agency of public expositions, meetings, 
and conferences ; therefore be it 

Resolved, that the Executive Committee be and is hereby authorized 
and directed to call and convene a National Conference on Concrete Road 
Building of state highway commissioners, state engineers, county and 
township road officials, city engineers, park boards, officers 2nd road com- 
mittees of automobile clubs and associations, good roads organizations, 
agricultural societies, and others connected with or interested in the per- 
manent improvement of public highways; said Conference to be held in 
the city of Chicago, Illinois, February 13, 13, and 14, 1914. 

Under the authority of the above resolution, the President of the Cement 
Products Exhibition Co. invited a number of prominent representatives of 
educational institutions, agricultural organizations, engineering societies, good 
roads associations, highway officials, the engineering press, and others interested 
in the improvement of roads, to serve upon an Advisory Committee, A com- 
mittee with the following personnel was formed : 

ADVISORY COMMITTEE 

A. N. ABBOTT, PRESIDENT, 

ILLINOIS FARMERS' INSTITUTE, 

Morrison, III. 

CHARLES WHITING BAKER, 

EDITOR-IN-CHIEF, 

ENGINEERING NEWS, 

New York City. 

IRA O. BAKER, 

PROFESSOR OF CIVIL ENGINEERING, 

UNIVERSITY OF ILLINOIS, 

Urbana, III. 

H. M. BAUMBERGER, CITY FNGINFrij 

G»iw»- tl-LIf. Tt.i. 
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PSSFACE 

ARTHUR H. BLANCHARD, 

PROFESSOR OF HIGHWAY ENGINEERING, 

COLUMBIA UNIVERSITY, 

New York City. 

W. F. M. GOSS, DEAN, 

COLLEGE OF ENGINEERING, 

UNIVERSITY OF ILLINOIS, 

Urbana, III. 

A. P. GROUT, PRESIDENT, 

THE ILLINOIS ALFALFA GROVCERS ASSOCIATION, 

Winchester, III. 

EDWARD M. HAGAR, PRESIDENT, 

CEMENT PRODUCTS EXHIBITION CO., 

Chicago. 

ELWOOD HAYNES, PRESIDENT, 

THE HAYNES AUTOMOBILE CO., 

KOKOMO, Ind. 

JAMES O. HEYWORTH, 
Chicago. 

EDWARD N. HINES, CHAIRMAN, 

BOARD OF COUNTY ROAD COMMISSIONERS, 

Detroit, Mich. 

A. R. HIRST, 

STATE HIGHWAY ENGINEER, 

Madison, Wis. 

RICHARD L. HUMPHREY, PRESIDENT, 

AMERICAN CONCRETE INSTITUTE, 

Philadblphu, Pa. 

ROBERT W. HUNT, 
Chicago. 

JOHN H. MULLEN, SECRETARY, 

MINNESOTA ROADMAKERS ASSOCIATION, 

St. Paul, Minn. 

J. W. PARMLEY, PRESIDENT, 

SOUTH DAKOTA GOOD ROADS ASSOCIATION, 

Ipswich, So. Dak. 
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CHARLES PIEZ, PRESIDENT, 

ILLINOIS MANUFACTURERS ASSOCIATION, 

Chicago. 

JOSEPH HYDE PRATT, STATE ENGINEER, 

Chapel Hill, N. C. 

DONALD D. PRICE, STATE ENGINEER, 
Lincoln, Neb. 

ALLEN S. RAY, PRESIDENT, 

CHICAGO AUTOMOBILE CLUB, 

Chicago. 

ALBERT REICHMANN, PRESIDENT, 

WESTERN SOCIETY OF ENGINEERS, 

Chicago. 

F. W. RENWICK, PRESIDENT, 

NATIONAL ASSOCIATION OF SAND AND GRAVEL 

PRODUCERS, 

Chicago. 

HENRY E. RIGGS, 

PROFESSOR OF CIVIL ENGINEERING, 

UNIVERSITY OF MICHIGAN, 

Ann Akbor, Mich. 
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INDUSTRIAL AND IMMIGRATION COMMISSIONER, 

ILLINOIS CENTRAL RAILROAD CO., 

Chicago. 

PHILIP T. COLGROVE, PRESIDENT, 

MICHIGAN STATE GOOD ROADS ASSOCIATION, 

Hastings, Mich. 

GEORGE Vr. COOLEY, STATE ENGINEER, 
St. Paul, Minn. 

CHARLES HENRY DAVIS, PRESIDENT, 

NATIONAL HIGHWAYS ASSOCIATION, 

South Yarmouth, Mass. 

F. 'W. DE WOLF, DIRECTOR 
ILINOIS 'TATE GEOLOGICAI. SUkvky 

JfniMA Tii 
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PItEfACB 

WILLIAM G. EDENS, PRESIDENT, 

ILLINOIS HIGHWAY IMPROVEMENT ASSOCIATION, 

Chicago. 

JOHN ERICSON, CITY ENGINEER, 
Chicago. 

MARVIN A. FARR, CHAIRMAN, 

GOOD ROADS COMMITTEE, 

CHICAGO REAL ESTATE BOARD, 

Chicago. 
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THE LINCOLN HIGHWAY ASSOCIATION, 

Indianapolis, Ind. 
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UNIVERSITY OF ILLINOIS, 

Urbana, III. 

H. J. KUELLING, PRESIDENT, 

WISCONSIN HIGHWAY COMMISSIONERS' ASSOCIATION. 

Milwaukee, Wis. 

ANDREW M. LAWRENCE, PRESIDENT, 

CHICAGO EXAMINER, 

Chicago. 

JOHN B. LOBER, PRESIDENT, 

ASSOCIATION OF AMERICAN PORTLAND CEMENT 

MANUFACTURERS, 

Philadelphia, Pa. 

J. L. LONG, PUBLISHER, 

THE ROAD MAKER, 

Des Moines, Ia. 

J. S. McCULLOUGH. CITY ENGINEER, 
Fond Du Lac, Wis. 

THOS. H. McDonald, 

STATE HIGHWAY ENGINEER, 
Ames, Ia. 

JAMES R. MARKER, 

STATE HIGHWAY COMMISSIONER, 

CoLUMRUs, Oma 
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J. p. MASON, PRESIDENT, 

ILLINOIS STATE DAIRYMEN'S ASSOCIATION, 

Elgin, III. 

JOHN C SHAFFER, EDITOR, 

CHICAGO EVENING POST, 

Chicago. 

JOHN D. SHOOP, 

ASSISTANT SUPERINTENDENT OF SCHOOLS, 

Chicago. 

W. E. STALNAKER, PRESIDENT, 

CHICAGO MOTOR CLUB, 

Chicago. 

GEO. F. SWAIN, PRESIDENT, 

AMERICAN SOCIETY OF CIVIL ENGINEERS, 

Boston, Mass. 

A. N. TALBOT, PRESIDENT, 

AMERICAN SOCIETY FOR TESTING MATERIALS, 

Urbana, III. 

JESSE TAYLOR, EDITOR, 
BETTER ROADS, 
Jamestown, Ohio. 

N. E. TUNNICLIFF, CIVIL ENGINEER, 
Davenport, Igwa. 

W. J. WARD, CHAIRMAN, 

GOOD ROADS COMMITTEE, 

INDIANA RURAL LETTER CARRIERS' ASSOCIATION, 

Carmel, Ind. 

CARL C. WIDENER, CITY ENGINEER, 

BOZBMAN, MoNT. 

F. P. WILSON, CITY ENGINEER, 
Mason Ctfy, Iowa. 

Subsequently, the Advisory Committee elected W. F. M. Goss, Chainnan, 
and J. P. Beck, Secretaiy. "Tlie ot^anization of the Conference, the appoint- 
ment of ctmunittecs, and the preparation of the program, then proceeded 
under the direction of the Advisol7 Committee. 
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SUMMARY OF PROCEEDINGS 



NATIONAL CONFERENCE ON CONCRETE 
ROAD BUILDING 



The First Session Was Held ok February 12, at 2 P. M. 

The meeting was called to order by Edward N. Hines, who moved the 
election of W. F, M. Goss as Chainnaii of the Conference, A. N. Johnson 
and Ira O. Baker as Vice-ChaJnncn and J. P. Beck as Secretaiy. 

After the disposal of some minor business matters, the foUowins; resolu- 
tion, introduced by S. £. Bradt, was ad<vtcd : 

Whereas, it is desirable in the discussions of this Conference to avoid 
all diance of the devotion of any considerable amount of the limited time 
to business discussions; and 

Whereas, it is desirable to devise an adequate means whereby con- 
sideration may be given to business questions of importance, motions and 
resolutions which may be introduced or suggested by the scientific discus- 
sions of the Conference ; and 

Whereas, it may be desirable to preserve and publish the proceedings 
of the Conference, or portions thereof, or to give to the public a declara- 
tion of the opinions of this Conference as to the fundamental principles to 
be observed in road building of concrete; therefore, be it 

Resolved, that a Committee on Resolutions i>e appointed by the 
Chairman. Be it further 

Resolved, that all miscellaneous business, motions, resolutions, com- 
mittee reports and discussions be referred to said Committee on Resolu- 
tions; and be it further 

Resolved, that said Committee oh Resolutions be requested to present 
a report of its deliberations and recommendations, embracing a codiAcation 
of the best practice in concrete road building. 

The Chairman thereupon named the following to serve upon the Com- 
mittee on Resolutions: 

Ridiard L. Himiphrey, Chairman ; Edward N. Hines, 

Ira O. Baker, Secretary; Sanford E. Thompson, 

F. E. Tumeaure, W. K. Hatt, 

A. Marston, F. P. Wilson, 

A. N. Johnson, J. T. Voshell, 

Thomas H. MacDonald, C. W. Boynton, 

James R. Maimer, Leonard S. Smith. 

Upon motion oficred by Qiarles P. Light, Dr. Goss was made ex-i^cto 
member of the Committee on Reacdutions. 
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SVMMAAY OF FROCEEDINGS 

The Chairaun then made the following statement: 

Gentlemen, you will bear in mind that this Conference is not backed by 
any permanent organization and it does not, at this moment, at least, look 
forward to any permanent existence. It has no means of existence except such 
as may lie in the desire of the people to be together for the purpose of the 
discussions which are to occur here. There is one aspect, therefore, of the 
work of the Conference which we are incompetent to take care of and I am 
going to ask Mr. Hagar to speak to us concerning that. I take pleasure in 
intn^udng Edward M. Ha^ar. 

Mr. Hagar: — Mr. Chairman and gentlemen: We are all confident that 
the p^>ers diat will be read at this Conference, as well as reports and dis- 
cussions, will be very valuable and it will be desirable to have diem published 
and distributed. As President of the Cement Products Exhibition Co., I 
therefore offer, on behalf of the Exhibition Co., to defray the expense of 
printing, publishing and distributing the proceedings of this Conference under 
the direction of the Resolutions Committee. 

The Chairman: — I am sure that the Chairman voices the appreciation of 
the members of this Conference in saying to Mr. Hagar that we all greatly 
appreciate the courte^ of his interest and the generosity of his proposal. 

If I may be permitted one moment in whidi to turn aside from the 
bnsiness considerations of this hour, I would not call your attention to 
the fact — for that would be unnecessary — but I would mention that this, 
the i2th day of February, is one of tender and precious associations. It 
will hardly be possible in our country today for people to gather for any 
purpose without thoughts of that great man whose life has distinguished and 
even hallowed the day. Helpful and inspiring thoughts they must be for 
any one who wishes even in the humblest way to work for his country, for 
her good name among nations, for the integrity of her government, for the 
welfare of her people. His life was spent for tJiis and the spirit in which he 
conducted l>oth small and great affairs is the spirit which ought to direct us 
in all of our considerations. It is significant that this meeting of ours begins 
its deliberations upon Lincoln's Birthday, and in recognition of the debt whidi 
we as citizens of this great nation and especially of this state of Illinois owe 
to Lincoln, I am going to ask that you all for one moment rise to your feet. 
(The audience arose.) 

The following addresses were then given: 
"The National Conference on Concrete Road Building" — ^W. F. M, Goss, 

Dean, College of Engineering, University of Illinois. 
"Financing Permanent Roads" — S. E. Bradt, Secretary, Illinois State High- 
way Commission, Springfield, 111. 
"Can a Rural Community Afford Permanent Roads?" — Oliver H. Dunla^, 

President, Iowa State Supervisors Association, Kalona, Iowa. 
"The Concrete Road System of Wayne County, Michigan" — Edward N. 

H'neK, Oiainnan, Board of County Road Commissioners, Detroit, Midi. 
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SECOND SESSION OF CONFERENCE 

Held February 13, at 10 A. M., 

Vice-Chairhan a. N. Johnson, Presiding. 

The reports of the following committees were received uid discussed : 

I— CONTRACTION AND EXPANSION OF CONCRETE ROADS 

Chairman- — R. J. Wig, Bureau of Standards, Department of Commerce, 

Washington, D. C. 
N. H. Tunnidifi, CivQ Engineer, Davenport, Iowa. 
W. A. Mclntyre, Engineer, Association of American Portland Cement 

Manufacturers, Philadelphia, Pa. 

II— JOINTS FOR CONCRETE ROADS 

Chairman— W. K. Hatt, Professor in Charge, School of Civil Engineering, 

Purdue University, LaFayctte, Ind. 
George W. Cooley, State Engineer, St. Paul, Minn. 
R. J. Wig, Bureau of Standards, Department of Commerce, Washington, 

D.C. 

Ill— AGGREGATES FOR CONCRETE ROADS 

Chainnan — Sanford E. Thompson, Consulting Engineer, Newton Hig^ands, 
Mass. 

A. N. Talbot, President, American Society for Testing Materials, Urbana, 
111. 

W. M. Kinney, Assistant Engineer, Universal Portland Cement Co., Pitts- 
burgh, Pa. 

IV— PREPARATION AND TREATMENT OF SUB-GRADE FOR 
CONCRETE ROADS 

Chairman — Ira O. Baker, Professor of Civil Engineering, University of 

Illinois. Urbana, 111. 
A. R. Hirst, State Highway Engineer, Madison, Wis. 
A. N. Johnson, State Highway Engineer, Springfield, 111. 

V— REINFORCEMENT OF CONCRETE ROADS 

Chairman — Thomas H. MacDonald, State Highway Engineer, Ames, Iowa. 
Henry E. Riggs, Professor of Civil Engineering, University of Michigan, 

Ann Arbor, Mich. 
Richard L. Humphrey, President, American Concrete Institute, Philadelphia, 

Pa. 

THIRD SESSION OF CONFERENCE 

Held February 13, at 2 P. M., 

Vice-Chairman Ira O. Baker, Presiding. 

The following program was presented : 
Address: "Experiments with Concrete for Roads Conducted by the United 
States Office of Public Roads"- J. T. Vosbell, Senior H^way Engineer, 
United States Office of Public Roads, Washington, D. C. 
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SUMMARY OF PROCEEDINGS 

VI— METHODS AND COST OF REPAIRING AND MAINTAIN- 
ING CONCRETE ROADS 

Chainnan — Edward N. Hines, Chainnan, Board of County Road Coaunis- 

sioners, Detroit, Mich. 
J. C. McCullough, City Engineer, Fond du Lac, Wis. 
F. P. Wilson, City Engineer, Mason City, Iowa, 

VII— SHOULDERS FOR CONCRETE ROADS 

Chainnan — Walter Wilson Crosby, Baltimore, Md. 

E. A. Kingsley, State Hi^way Engineer, Little Rock, Ark. 

John H. Mullen, Secretary, Minnesota Roadoiakers Association, St. Paul, 

Minn. 

VIII— BITUMINOUS SURFACES FOR CONCRETE ROADS 

Qiairman — E. J. Mehren, Editor-in-Chief, Engineering Record, New York 

City. 
Henry G. Shirley, Chief Engineer, State Roads Commission, Baltimore, Md. 
James R. Marker, State Highway Commissioner, Columbus, Ohio. 

IX— FINISHING AND CURING CONCRETE ROAD SURFACES 

Chairman^F. E. Tumeaurc, Dean, College of Engineering, University of 

Wisconsin, Madison, Wis. 
H. J. Kuelling, President, Wisconsin Highway Commissioners Association, 

Milwaukee, Wis. 
E. D. Boyer, Engineer, The Atlas Portland Cement Co., New York City. 

X— ECONOMIC METHODS OF HANDLING AND HAULING 
MATERIALS FOR CONCRETE ROADS 

Chairman — Halbert P. Gillette, Editor-in-Chief, Engineering & Contracting, 

Chic^o. 
Donald D. Price, State Engineer, Lincoln, Neb. 
Percy H. Wilson, Secretary, Association of American Portland Cement 

Manufacturers, Philadelphia, Pa. 

At the dose of this program a resolution was introduced by E. S. Lamed, 
referring to the importance of conducting thorough invest^tions into the 
quality of the materials available in the various states for use in concrete, and 
calling upon the Governor and Legislature of the several states to consider 
the necessity for making appropriations to the proper agencies for conducting 
such investigations by the State Geologists, Universities, Engineering Experi- 
ment Stations and other proper agencies. 

The resolution was referred to the Committee on Resolutions. 

FOURTH AND FINAL SESSION OF CONFERENCE 

Held February 14, at 10 A. M., 

Chairman Goss, Presiding. 

The meeting gave its consideration to the following program: 
Address: "Concrete Road Construction by the Ohio State Highway Depart- 

ment"^H. D. Bruning, Division Engineer, St«tf Hlrfji^v Pi^rtment 

ColunU>us, Ohio. 

Hpnnrli if OrtorunittCeJ f 
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XI— MIXING AND PLACING MATERIALS FOR 

CONCRETE ROADS 

Chainnan — Paul D. Sargent, Qiief Engineer, State Hi^way Cororoiseion, 

Ai^usta, Me. 
Arthur H. Blanchard, Professor of Highway Engineering, Columbia Uni- 
versity, New York City. 
C W. Boynton, Inspecting Engineer, Universal Portland Cement Co., 
Chicago. 

XII— COST OF CONSTRUCTING CONCRETE ROADS 

Chainnan — A. N. Johnson, State Highway Engineer, Springfield, 111. 

Joseph Hyde Pratt, State Engineer, Chapel Hill, N. C. 

Albert Reichroann, President, Western Society of Engineers, Chicago. 

XIII— THICKNESS, CROWN AND GRADES FOR 

CONCRETE ROADS 

Chairman — Leonard S. Smith, in Charge of Roads and Pavements, University 

of Wisconsin, Madison, Wis. 
Earle R. Whitmore, City Engineer, Port Huron, Midi. 
T. R. A^, Assistant Professor in Civil Engineering, Iowa State College, 
Ames, Iowa. 

XIV— PROPORTION AND CONSISTENCY OF MATERIALS 
FOR CONCRETE ROADS 
Chainnan — C, U. Boley, City Engineer, Sheboygan, Wis. 
C. C. Widener, City Engineer, Bozeman, Mont. 

George A Dingman, Engineer, Board of County Road Commissioners, 
I>trDit, Mich. 

XV— FORM OF SPECIFICATIONS FOR CONCRETE ROADS 
Chainnan — A Marston, Dean and Director, Division of Engineering, Iowa 

State Collie, Ames, Iowa. 
A N. Talbot, President, American Society for Testing Materials, Urbana, 111. 
George W. Cooley, State Engineer, St. Paul, Minn. 

REPORT OF COMMITTEE ON RESOLUTIONS 

The following report of the Committee on Resolutions was then presented 
by its Qiainnan, Ridiard L. Humphrey, and unanimously adopted: 

I — ^Whbkbas, the first National Conference on Concrete Road Build- 
ing has proved an unqualified success, and 

Whbrkas, the success of the Conference is largely due to the 
activity of its officers, the members of its Advisory Committee, and the 
Chairman and members of the special committees, therefore be it 

Rbsolvbd, that this Conference expresses its hearty appreciation 
and thanks for the services rendered by its Chairman, W. F. M. Gois, 
by its Secretary, J. P. Beck, and by the members of its Advisory Com- 
mittee for their labors in bringing about this successful Conference; and 
also to the Chairman and members of the various committees, and to its 
prcading officers, Ira O. Baker and A. N. Johnson, for the successful 
cocHluct of the NMons. Be it further 
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RssoLVBD, that the thanks of this Conference be extended to thoM 
who presented addresses and took part in the discussions, and to those 
who by their participation in or presence at the deliberations contributtd 
to its success. 

2 — Whereas, this Conference has been made possible through the 
invaluable assistance of the Cement Products Exhibition Co., and 

Whbrbas, this Company has offered to defray the cost of printing 
the proceedings of the Conference, therefore be it 

Resolved, that this Conference docs hereby accept with heartiest 
appreciation and thanks, the offer of the Cement Products Exhibition Co. 

3 — Whekbas, the Committee on Resolutions has been charged with 
the preparation of a declaration of the opinions of this Conference as to 
the fundamentals to be observed in concrete road building, therefore be it 

Resolved, that the Committee on Resolutions be requested to 
continue its work of editing and arranging the papers, addresses, reports 
and discussions coming before the Conference, and that its duties cease 
with the completion of this work. 

4 — Whereas, many matters have come before this Conference for 
consideration upon which further investigation and study is necessary, and 

Whereas, many of its Committees have been unable to present 
more than preliminary reports, and 

Whereas, the large attendance and deep interest manifested in 
the meetings of the Conference emphasize the need for such deliberations, 
and 

Whereas, the Cement Products Exhibition Co. has offered to 
provide funds to defray the expense of another Conference and for pub- 
lishing the results of its deliberations, therefore be it 

Resolved, that it is the sense of the Conference that its Advisory 
Committee should continue with power to determine whether or not 
another Conference upon this subject is desirable, and to fix the time and 
place of meeting. Be it 

Resolved, that it is the sense of this Conference that if sudi a 
future Conference be held it should be at the time and place of the 
Annual Convention of the American Concrete Institute. Be it 

Resolved, that the Advisory Committee shall have full power to 
make all necessary arrangements for such a future Conference, and to 
increase its membership and the number of its officers, and if necessary 
to create an Executive Committee. 

5— Whereas, concrete is a building material of great value in the 
economical construction of highways, buildings, bridges and other struc- 
tures, and 

Whereas, iti rapidly increasing use is of great importance in the 
permanent developments in eadi state, and 
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SUMMARY OF PROCEEDINGS 

Whbrbas, the quality of the sand, gravel and stone available for 
uae in concrete in the various localities in cadi state is of fundamental 
importance and has not yet been extensively determined; therefore, be it 

Resolved, by the National Conference on Concrete Road Build- 
ing, assembled in Chicago, February 12, 13, 14, 1914, that it is highly 
desirable that the materials available in the various states for use in con- 
crete should be examined and tested as rapidly as possible by competent 
State Geologists, Universities, or Engineering Experiment Stations, and 
be it further 

Resolved, that the Governor and the Legislature of the several 
states be provided with a copy of these resolutions and asked to seriously 
consider ^e great necessity for making adequate provision and appropria- 
tion to the proper agency for the prompt inauguration of such investiga- 



6 — Your Committee has devoted much time and held frequent meet- 
ings and has endeavored to crystallize the thoughts and recommendations 
presented in the several reports and developed in the discussions thereon, 
and appends herewith the results of its deliberations in the form of reann- 
mended practice for the construction of concrete roads, and reonnmends 
that same be adopted as the opinion of this Conference.* 

•Refer to next page for Recommended Practice. 
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RECOMMENDED PRACTICE 

Thm National Con/erane* on Conermtm Road Building athpU 
thm following principles at rmprtMnting good practiem in thm 
eon»traetion ofeoncrmtm roadm. 

BRIEF SUMMARY OF FUNDAMENTAL PRINCIPLES 
The salient features of the recommended practice are: 

1 . The aggregates ihould be clean and hard. 

2. The tand •hould be coar»e and well graded. 

3. A rich mixture should be used. 

4. The matmals should be correctly proportioned. 

5. The materials should be thoroughly mixed. 

6. The inspection should be intelUgent and thorough. 

7. When in doubt, reinforce the pavement. 

S. The sub-grade should be of uniform density, thorough^ 
compacted and drenched with water immediately before placing 
concrete. 

9. The concrete should be of a viscous, plastic conustency. 
1 0. After placing, the concrete should be immediately cov^wd 
and kept moiit and not opened to traffic for four weeks. 

DETAILS OF RECOMMENDED PRACTICE 
The details of recommended practice are as follows : 
I. GRADING 

(a) SLOPES AND GRADES: The grade of the roadway and the 
nde slopes should be determined by an engineer to meet the local conditions. 

(b) EXCAVATION OR TREATMENT OF EXISTING ROAD- 
WAY; The fundamental requirement of the sub-grade is that it should at 
all times be of uniform density, so that it will not settle unevenly and cause 
cracks in the surface of the pavement, and no part of the work is more worthy 
of intelligent care and painstaking labor than the preparation of the aub- 
grade; the slight additional cost necessary to insure good results is abundantly 
justifiable. When the pavement is constructed on virgin soil, care ^ould be 
taken to remove all soft spots so as to insure a uniform density; and if con- 
structed on an old roadbed, even greater care must be taken in preparing the 
sub-grade, which is likely to be more compact in the center than at the sides, 
and consequently there is more danger that the pavement will settle unevenly, 
causing cracks. 

(c) FILLS: Where roadways are constructed over fills, extreme care 
should be observed to insure the use of proper material in layers 
of such thickness that they may be thoroughly compacted so that when the 
fill is completed there will be a minimum of settlement. The fill should be 
allowed to itsnd for as long a time as possible so that it will have aa ohmu- 
•nniti •*» dpttl* Anr^'ufcl" Kefr-e the pavwnw' i^ ol'"*'" ■l»»n!Ofi. *■• gep" ' * ^ 
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die material composing a fill should be deposited in layers not more than one 
( I ) foot in diickness and each layer should be thonm^y wetted and com- 
pacted with a roller weig^ins ten (to) ton*. 

(d) SUB-GRADE: Before ^e pavement is laid, care should be taken 
to bring the sub-grade to proper elevation and to sec that it is thoroug^y 
contacted; any soft spots or settlements should be filled with a suitable 
miteriaL 

2. DRAINAGE 

The drainage of the roadbed of a pavement is of vital importance. If the 
sub-grade is not well drained, there is danger of unequal settlement after the 
pavement is laid, causing longitudinal cracks; there is also a possibility that 
the frost may lift the edges of the pavement and likewise produce cracks. 
The diaractcr of drainage necessary will depend on local conditions. It is 
recommended that, in general, proper drainage may be secured through lateral 
ditches. If undei^ound water is present this may be removed through the 
uae of drain tile laid at a suitable depth on either side of the roadway, or on 
one side with cross drains from the other side. The top of the tile should 
not be less than three (3) feet below the sub-grade. 

3. MATERIALS 

(a) PORTLAND CEMENT: The Portland cement should meet the 
requirements of the Standard Specifications for Portland Cement of the Ameri- 
can Society for Testing Materials. 

(b) AGGREGATES: The Conference is of the opinion that naturally 
mixed aggregates should not be used without screening and remixing in proper 
proportions. The quality of the aggregates can usually be materially improved 
by washing. Aggregates should not contain frost or frozen lumps. 

(A) FINE AGGREGATE: Fine ag^egate should consist of sand, 
crushed stone or gravel screenings, graded from fine to coarse and passing 
when dry a screen of one-quarter inch mesh. It should be preferably of 
silidous material, hard* and durable, dean, free from dust, loam, veget^lc 
or other deleterious matter. 

In first-class sands, properly graded from fine to coarse, not more than 
fifteen (15) per cent of the grains will pass a sieve having fifty (50) mohet 
to the linear indi and not more than two (2) per cent will pass a sieve having 
one hundred meshes to the linear inch. Fine ag^egate should be of such 
quality that mortar composed of one (i) part Portland cement and three (3) 
parts fine aggregate, by weight, when made into briquettes, will show a tensile 
strength at least equal to the strength of a 1:3 mortar of the same normal 
consistency made with the same cement and standard Ottawa sand. 

Since it is impossible to determine the quality of sand by the usual eye 
and hand examination, the Conference is of the opinion that their quality 
abould be determined by tests for tensile strength and mechanical analysis. 

(B) COARSE AGGREGATE: Coarse aggregate should consist of 
clean, hard** and durable crushed stone or gravel graded in size, all of which 

'No material it luitablc which 11 not approximately ai hard ai flint or quaiti. 
The CoofereDce rccomncndi that id ioveitiKttioii be made to devise « (uitable, lim- 
ple teit for hardDCH. 

**Tfae term "bard" «i used here refen to the Freoch co-effident of wear; the 
Cooferance rccommeDdf that the material ihould have a co-efficient of oot lew than 
twtlve. For method of deteiminlnK French co-efficieot of wear, icc Bakei'i Roadi 
aad Pavtauati^ page it^. Edition of 191). 
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will pass a one and one-half (l}4) and be retained on a one-quarter (^} 
inch screen. 

It should be clean, hard and durable and free from all deleterious matter, 
and should not contain flat or elongated particles. 

(c) WATER: Water should be clean, free from oil, acid, alkali or 
vegetable matter. 

(d) REINFORCEMENT: All reinforcement shall develop an ultimate 
tensile strength of not less than 70,000 pounds per square inch and bend i8o° 
around one diameter and straighten without fracture. 

All reinforcement should be free from excessive rust, scale, paint or coat- 
ings of any character which would tend to reduce or destroy the bond. 

4. FORMS 

(a) MATERIALS: Forms may be of wood or metal and should be 
free from warp, of sufHcient strength to resist springing out of shape, and have 
a width equal to the required thickness of the pavement. 

(b) SETTING: The forms should be well staked and rigidly held in 
position and their upper edges should conform to the established grades of 
the pavement. The Conference believes that metal forms are preferable. 
Where wooden forms are used they should be capped with metal. The forms 
should be thoroughly cleaned before being used. 

5. THICKNESS 

The thickness of the concrete pavement is controlled by many factors 
such as condition and character of the sub-grade, drainage, trafEc, climatic 
conditions, width of pavement, etc. Three distinct types of cross sections are 
in general use : 

1. Uniform thickness of concrete for all widths of roadway and 
consequently the same amount of crown in the foundation as in the surface. 

2. Roadways in which the concrete ts thicker at the center than at 
the edge, but in which some crown is given to the foundation. 

3. Concrete roadways in which the concrete is thicker at the middle 
than at the edge, but which are built upon a fiat sub-grade. 

The Conference recommends the latter type for all roadways of twenty 
(20) feet or less in width. 

6. WIDTH 

The Conference recommends that the minimum width be ten (10) feet 
for single track roads and eighteen (18) feet for double track roads. For 
roads eighteen (18) feet or more in width, it is unnecessary to provide turn- 
outs of gravel or macadam shoulders, which greatly increase the cost o^ 
maintenance. 

7. CROWN 

Unlike some types, concrete pavements are not damaged by water. If it 
were not for the need for drainage, a perfectly flat road would be preferable 
because it would lead to a better distribution of the traffic Since thin sheets 
of wpter or ice on the surface of "ny pavement are objectionable, a sli^t 
Crnv^ J"HlW be n-""-'^'^ ♦" !n""i. IraJnte^ >f •■*•" TU'*"'^ "M the ClXlfer- 
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ence is of the opinion that for country highways a crown of one one-hundredth 
(l/ioo) of the width is sufficient. Because of the peculiar needs for drainage 
in dties, a crown of one-seventieth ( 1/70} of the pavement width will usually 
be found ample. On steep grades this crown may be correspondingly reduced. 

8. JOINTS 

(a) WIDTH AND LOCATION: It is a well known fact that under 
ordinary conditions cracks may be expected in plain concrete unless joints 
are provided at intervals, but such cracks may be prevented or so distributed 
as to become small and unobjectionable, through the use of sufficient reinforc- 
ing steel. Joints are a source of trouble, even if properly spaced and properly 
constructed and, if possible, should be avoided. These joints necessarily inter- 
rupt the continuity of the pavement and are a source of expense in maintenance. 

The Conference is of the opinion that where joints are used they should 
be located at intervals of from 25 to 50 feet, although under favorable condi- 
tions longer sections have been successfully used. 

While it is the current practice to provide metal protection for the joints, 
the Conference is of the opinion that later experience may show that a single 
layer of prepared felt not exceeding one-eighth (3^) of an indi in thickness 
without metal protection will prove more satisfactory. 

(b) PROTECTION AND FILLER: The joint is preferably pro- 
tected by two pieces of metal, having hi^ resistance to abrasion, three (3) 
indies wide and about three-sixteenths {3/16) thick, between which is placed 
one layer of prepared felt of a width equal to the thickness of the pavement. 

9. REINFORCING 
The Conference is of the opinion that all roads exceeding twenty (20) 
feet in width should preferably be reinforced with some form of mct^ fabric 
and recommends that the cross-sectional area of the reinforcing metal running 
parallel to the center line of the pavement should be about 0.038 square 
indi per foot of pavement width and of metal running transversely 0.049 
•quare inch per foot of pavement length, the purpose of sudi reinforcing being 
to distribute the effect of expansion and contraction due to temperature 
changes and moisture content of the concrete, as well as the weight of traffic 
over defects in the lub-gradc. The reinforcement should be embedded at least 
two {3) inches and not more than three (3) inches below the surface of the 
pavement. 

10. MIXING AND PLACING CONCRETE 

(a) MEASURING: The method of measuring materials for the con- 
crete, including the water, should be one which will insure correct proportions 
of each of the ingredients at all times. It is recommended that a sack of 
Portland cement, containing ninety-four (94) pounds net, be considered the 
equivalent of one cubic foot. 

(b) PROPORTIONS: The Conference recommends that the propor- 
tions do not exceed £ve (5) parts of fine and coarse aggregate to one (i) 
part of Portland cement, and that the fine aggregate should not exceed forty 
(40) per cent of the mixture of fine and coarse a^rcgates. 

(c) MIXING: Ingredients of whidi the concrete is composed should 
be mixed in a batdi mixer of qiproved type, and the mixing ^ould be con- 
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tinued after all the materials are in the mixer for at least one minute; during 
the mixing time there should be at least fourteen ( 14) complete revolutions of 
the mixer. The Conference is decidedly of the opinion that the durability of a 
concrete road is largely affected by the proper proportioning and thorou^ 
mixing of the ingredients. 

(d) CONSISTENCY : The practice is to mix concrete entirely too wet. 
The consistency should be such as not to require tamping, but not so wet as 
to cause the separation of the mortar from the a^regate in handling and 
placing. The concrete, when properly mixed, should have a viscous, plastic 
consistency. 

(e) PLACING: Just before placing the concrete the sub-grade should 
be brought to its original surface, if it has been disturbed by teaming or 
other causes, and thoroughly saturated with water. The concrete should be 
deposited rapidly in successive batches to the required depth and width of the 
pavement, in a continuous operation. Tt)e section should be completed to a 
transverse joint, without the use of intermediate forms or bulkheads, or a 
transverse joint may be placed at the point of stopping of the work. In case 
the mixer breaks down the concrete should be mixed by hand to complete the 
section. 

(f) FINISHING: The surface of the concrete should be struck oS by 
means of a template moved with a combined longitudinal and transverse 
motion. The excess of material accumulated in front of the template should 
be uniformly distributed over the surface of the pavement except near the 
transverse joint, when the excess material should be removed. 

The concrete adjoining the transverse joint shall be dense and any depres- 
sions in the surface shall be filled with a mortar composed of one (i) part 
of Portland cement or not more than two (2) parts of fine a^regate. After 
being brought to the established grade with a template the concrete should 
be finished, from a suitable bridge, with a wood float to true surface. A metal 
template should not be used. 

(g) RETEMPERING: Retempering of mortar or concrete which has 
partially hardened, that is, mixing with additional materials or water, is 
strongly condemned and should not be permitted. 

(h) TEMPERATURE BELOW 35° FAHR.: If the temperature 
during the progress of the work should drop at any time below thirty-five 
(35) degrees Fahrenheit, the water and ;^[gr^ates should be heated and 
precaution should be taken to protect the work from freezing for a period 
of at least ten (10) days. In no case should concrete be deposited when the 
sub-grade is frozen. 

The Conference is of the opinion that under no condition should concrete 
road construction be carried on during freezing weather. 

II. CURING AND PROTECTING 

The curing of the exposed surface of concrete is a matter of the greatest 
importance. Good concrete can be easily destroyed by too rapid drying out 
or opening it to traffic at too early a period. It is, therefore, highly desirable 
that the finished pavement should be covered with sand or earth and kept 
q>rtnklcd for a period of at least fourteen (14) ^'■Tft the purpose of which 
bmg to keep the concrete moist, and to prevent the evaporation of the wattr 
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which is necessary lor the proper hardening of the concrete. Where condidoos 
will permit the Conference would rcconuncnd that the concrete pavement be 
not opened to traffic until after an interval of at least four (4) weeks, during 
which period it shall be protected as above described. 

12. SPECIFICATIONS 

Since no qKdfications were considered by the Conference the Standard 
Spedficadons for Pavements and Roadways of the American Concrete Insti- 
tute arc recommended.* 

Respectfully submitted, 

COMMITTEE ON RESOLUTIONS. 
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THE NATIONAL CONFERENCE ON CONCRETE 
ROAD BUILDING 

Address by W. F. M. Goss, Dean College of Engiheerihg, University 
OF Ilunois, Urbana, III., Chairman of Conference 

On behalf of your Advisory Committee, and of diote officers of the Com- 
mittee who have been so diligent and successful in making preparations for 
our gathering, I extend to you, the delegates to diJs, the National Conference 
on Concrete Road Building, a most hearty welcome. 

Those who introduce a movement are often led by a certain inspiration 
whidi bt^ts confidence in the public, which reaches a q>eedy and satisfactory 
conclusion, and which is far-seeing enough to plan intelligently for future 
ages as well as for their own. I believe the movement in which we are now 
specially interested has been thus inaugurated, for I predict that this National 
Conference, assembled for the purpose of discussing the principles which 
should control in the design and construction of a new type of roadwi^, will 
exert influence upon every part of our country and will ultimately confer 
benefits upon all classes of people. 

It is significant, both in its relation to this day and to the purpoaes of 
this conference, that a proclamation has been issued by the Director of the 
Lincoln Highway Assodation declaring its purpose to secure the construction, 
as a dignified, a useful and a tasting memorial to the nation's great benefactor, 
of a Lincoln transcontinental highway, to be built in concrete. 

The problem of road construction in the United States, as it confronts 
society at this time, is a great issue. Those who desire immediate benefits 
and who fail to interpret the present situation in terms of past conditions, 
are inclined to contrast the imperfections in the highways of our own country 
with the superior qualities of those of England and Continental Europe. 
They may even conclude that some one is to blame for our lack of progress, 
but basing judgment upon a large view of the situation we are not justified 
in entertaining any such feeling. The good roads of the old world have 
been built by people who live under settled conditions, or they have been 
developed in itspomt to the exigencies of war. We, in this country, have 
only in recent years become well established in the occupancy of our territory, 
and the process of gaining possession of our lands has made us busy with 
other things. Only now are we ready to consider the means of bringing our 
roads to a standard which wQl satisfy the requirements of a modem settled 
community. An era of great progress is just before us. The farmer is no 
longer content to plod in the road ; he wants a road upon which he can travel 
rapidly and comfortably. The man of affairs finds that business flows in 
stronger streams where roads are good. Cities are discovering that trade 
and municipal prosperity are stimulated by good roads, and railroad and 
navigation companies are finding that in the development of their traffic good 
roads serve as effective feeders. People everywhere are coming to under- 
stand that it ts expensive to move loads over poor roads, and that the extra 
cost to the farmer resulting from their low effidoicy is a tax upon the cont- 
munity. 
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Meam^ile, the aeverity of the service to which the modern highway is 
subjected hu increased cnonnously. The good road of a decade ago is no 
longer sufficient to withstand the traffic of the present day. Travel for 
pleuure to a considerable degree has deserted the steam railway and taken 
to the country highway. The horse is giving way to the motor; the light 
vehicle is being superseded by heavy trucks, and the speed with which all 
traffic moves is increasing. The public appreciation of these facts is under- 
going rapid development. No one who reads or travels can question the 
imminence of great undertakings in the development of good roads in these 
United States; and, since the enterprise has been so long in abeyance the rate 
of progress, once a real start is made, is bound to be rapid. The importance 
of Kcuring a correct and otherwise satisfactory basis upon which to make 
the expenditures which are in proqxct, is not likely to be overestimated. 
Rardy has the scientist, the engineer and the public official had such an 
opportunity for service as that which now confronts them in the necessity 
for wiving the road-construction problems of the immediate future. 

There is available to the present-day road-builder a wide range of choice 
in the selection of materials. One of these materials i$ concrete. In con- 
centrating our attention upon this one material, it is not our purpose to 
dbparage the value of any others whidi may properly be employed in high- 
way construction, nor to deprecate the application of any principle of design 
which may properly be used in roadway construction, nor to slight or to pass 
judgment upon the opinion or the work of the advocate of any system of 
road-construction which has proved itself, or is in the process of proving 
itself, serviceable in the upbuilding of better roads. The attitude of the 
Conference is one of friendliness to all good and honest work in the promo- 
tion of the general cause. But its peculiar purpose is that of considering 
the possibilities of concrete as a material for road -const ruction, and our con- 
sultations are to be for the purpose of bringing to light not only the merits of 
the concrete road, but the demerits as well, developing methods for their possi- 
ble elimination. We arc to devote four formal sessions to a discussion of this 
single type of road-construction. We are to have presented here by those 
best qualified to speak, a description of the best methods of procedure in the 
building of such roads; we are to be told what are the really important 
things to be given attention in the process; we are to consider what should 
be the nature of specifications governing the construction of such roads; we 
are to have presented such information as may be available concerning the 
behavior of the concrete road under exposure to the weather, under the burden 
of traffic, and in resisting wear; we are to discuss methods to be employed 
in maintenance, and so far as we may be able, we arc to define all the details 
of a new practice for the guidance of all interested. In so far as the delib- 
erations of this Conference shall result in the establishment of facts con- 
cerning these and related matters, its work will aid in supplying a basis for 
correct opinions concerning the future usefulness of concrete as a material 
for highway construction. 

It is the part of your Chairman to introduce to you those whose work 
qualifies them to speak concerning the highly technical aspects of our gen- 
eral problem and especially to see that ample opportunity is granted for the 
presentation of reports of committees in the preparation of which many dis- 
tinguished persons have given unsparingly of their time. 
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FINANCING PERMANENT ROADS 

Address by S. £. Bradt, Secretary, Ilunois State Highway 
Commission, Springfield, Iix. 

So far as I have been able to discover there is no royal road to the fortune 
that will be necessaiy to construct an adequate system of permanent high- 
ways. 

There is only one source — and that source is the people. There are, 
however, several channels of taxation touching this source at different points, 
reaching different classes of people, different classes of wealth and different 
localities. 

These channels are: the federal government, deriving its income mainly 
through customs and internal revenue, thus drawing indirectly from special 
classes; the state tax, reaching all property within the state and including 
all the large dties and corporations, as well as Inany fees and special taxes; 
the county and township taxes, more localized in their scope and nearer the 
source of the benefits, and in addition to the above the automobile and 
kindred license fees, collected from a certain part of those benefited. 

By utilizing all of the above channels practically all of the people benefited 
will bear a part of the expense. Furthermore, the magnitude of the under- 
taking demands that they should all be utilized in order that the necessaiy 
amount of money may be made available without the tax being burdensome 
to any one class or group of people. 

There is much discussion both in congress and out as to what part the 
federal government should take in the improvement of our highways. The 
government has nearly completed one of the most stupendous undertakings 
of modern times at a cost of from $300,000,000 to $350,000,000; an under- 
taking not only national but international in its scope. The greater part of 
the expense of this work has been paid from current revenues. 

The government from its foundation has recognized the principle of 
aiding and fostering internal improvements, and many millions of dollars 
are expended annually for public buildings, improving rivers and harbors, 
and other similar undertakings. 

We must admit, however, that the improvement of our highways is more 
important and of vastly greater benefit to our people than any of the otheri 
work to which I have called attention. 

The reason given by legislators for not having already undertaken to 
assist in this movement is the vast amount of money required; claiming that 
diey dare not commit the government to such a stupendous project. Some 
additional excuse for this backwardness is found in the fact that traffic 
conditions are demanding an entire change in road construction, and in the 
further fact that the advocates of good roads have not been able to agree 
upon a standard of construction, the method by which the government ^ould 
enter into the project or the amount of money to which it should be com- 
mitted. 

That the people are demanding action from congress is apparent from 
the different measures recently introduced calling for appropriations for this 
vork. Many of the bills introduced have faile<^ "o pa>«n because they have 

l«fr^ *l>f 8r"»Tnn(i^n* •*■ «)ild rei-ain IncaJ r--n lO^f- '"^WlVt ')er*4tillg 
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a comparatively small number of people. It is conceded that federal aid 
should be upon a basis broad enough to reach every state in the union and 
should be given only under such restrictions as would guarantee that the 
mmiey would not be spent for temporary work, but would be employed in 
such construction as would endure. The people of the country are only 
waiting for a reasonable measure of assistance, and if the federal government 
will speedily develop a definite plan for such assistance it will give the 
needed impetus to start the work in all sections of the country. 

The government will soon reach the end of its expenditure for the 
Panama Canal. It seems entirely appropriate that this fund together with 
such other money as can be spared from internal improvements, equaling at 
least $50,000,000 a year for a period of 15 years, should be diverted to road 
work. 

If the government shall undertake to assist in this work either through 
building and maintaining certain national highways connecting county seats 
and large cities, or shall allot to each state a proportionate sum to assist the 
state in constructing a system of main market roads or post roads, the burden 
which would fall upon the state, county and township would be greatly 
lessened and the work could proceed at a much more rapid rate. It has been 
very properly suggested and approved by all of our National Road Organiza- 
tions that congress authorize the president to appoint a commission to care- 
fully investigate the subject and recommend to congress how and to what 
extent it shall enter into this work. 

In many of the states a system of main roads varying from 10 to 20 per 
cent of the whole has been laid out to be improved cither by the state or at 
the joint expense of the state and the county, leaving the remainder of the 
roads under the control of the township authorities. This appears to be an 
equitable distribution of the cost and in the end will insure the improvement 
of the main market roads, inter-county and through routes. The problem, how- 
ever, is to provide funds in sufHcient amounts to enable the work to progress 
as rapidly as the people demand the improvement. 

I have said in the beginning that in order tg construct an adequate system 
of roads we must utilize all channels of taxation. Not only that, but if we 
are to construct this system of main roads within a comparatively short 
period of time the tax instead of falling upon the present generation should 
be spread over a period of years approximately equivalent to the life of the 
improvement. This can be done only through a bond issue. In the issuance of 
bonds for public improvement not only should the maturity of the bonds 
fall within the life of the improvement, but the maturities should be so 
arranged that the taxpayers would get value received each year for the amount 
of bonds retired during that year ; thus requiring a serial bond. 

If put upon this basis, it is evident that a bond issue is the most equitable 
method of financing road construction, as it would be manifestly unfair to 
the present taxpayers, if able to do so, to pay the entire cost of an improve- 
ment that will last for 15, 20 or more years, and that will be used 
to greater extent by the coming generations than by themselves. The prin- 
ciple of giving value received to all of the taxpayers who assist in paying the 
bonds has been frequently disregarded by states and municipalities, not from 
a desire to impose a burden upon those who pay the cost, but from the lack 
of correct information as to the durability of the work for which the bonds 
were issued. This has been to some extent excusable in the matter of bonds 
for road conitniction, because of the duuging tralSc conditions whidi could 
not be foreseen. 
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I believe, however, that we are today in position to judge lufEdently of 
traffic requirements of the next 1 5 or 20 years to build our roads to meet these 
requirements. 

Another important feature in considering the equity of a bond issue for 
road improvement is that the saving indicated by the comparative cost of 
hauling in the United States and European countries would be sufGcient to 
pay not only the interest, but also the greater part of the principal within a 
period of 1 5 or 20 years. 

It is customary to issue bonds for school buildings, sewers, for water 
works, for lighting systems and other public improvements. All of these 
are essential, but none are more fundamental than good roads. Good roads 
logically precede all of them. Transportation, upon which distribution 
depends and of which highways are the undeveloped part, follows production 
and naturally precedes better sanitary conditions and education. This rela- 
tion has not been generally recognized up to the present time, but as demand 
overtakes supply, and the cost of living becomes a more acute factor, the 
economic advantage of good roads will assume its proper place. 

Another feature that should be given careful consideration in connection 
with financing road improvement is the more economical expenditure of the 
funds that we are raising today for road purposes. 

The Office of Public Roads at Washington estimates that we are raising 
at the present time for road and bridge purposes approximately $i8o,ocx),ooo 
annually. In 20 years at this rate we would have raised $3 ,600,000, OCX), 
a sum large enough if expended systematically by competent road builders to 
give us 300,000 to 350,000 miles of permanent roads, which with the present 
improved mileage would accommodate 90 per cent of the traffic. We are 
raising in the State of Illinois $7,000,000 annually. In 20 years this 
means $140,000,000, enough to improve 15,000 miles of our main market 
roads and give us with our present improved roads from 20 to 25 per cent 
of our mileage. A considerable part of these large amounts must be used 
for bridges and culverts and the care of the earth roads, a part is now being 
used for durable road work such as we are advocating, and a very mudi 
larger part could be used for that purpose if we were working under a proper 
system. Many of the states are using the township system, similar to that in 
operation in Illinois. I therefore shall illustrate my point by our system. 

The $7,000,000 expended in Illinois is raised through a township tax by 
the 1,600 townships in the state and would thus average about $4,500 per 
township. Each township is divided into three road districts and elects a 
highway commissioner for each district, who has the expenditure of his share 
of the road money, averaging $1,500, entirely independent of any other 
official. It must i>e understood that in many cases the amount available is 
much below the average of $1,500, while in other cases it is considerably 
more, but generally speaking it is not large enough to encourage the highway 
commissioner in laying out any plan for his work, or in attempting to do 
any work of a permanent character. This results in the money being expended 
in the temporary patching of bad roads, bridges and culverts that bring no 
lasting benefit. What railroad having $7,000,000 to expend in construction 
and maintenance would divide it among its section foremen, and permit each 
foreman to build and maintain his particular section as he saw fit regardless 
of any advice from the chief engineer, or regardless of what the other section 
men were doing? What would be the results as to cfEdency and econoo^ 
of such a policy ? And yet that is similar to the system of hig^w^ nunafe- 
inent under which many statta arc operating. 
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The question is, how can wc correct this situation and conserve this 
money for permanent work? My suggestion is that if we made the county 
the unit for road taxation and control of road funds, and put the care of the 
roads and bridges as well as their improvement under a county board of 
three members, one of whom should have had some technical knowledge of 
road construction and all of whom would give their time to the work, at the 
same time relying upon the State Highway Department for assistance and 
advice, that we could place our road building upon a practical basis. This 
^Q^stem would produce a marked saving in all lines of expenditure. 

I will dte one instance. Under the present system many townships own 
very little, if any, madiincry and therefore are greatly handicapped in doing 
their road work, while on die other hand many townships have purchased a 
large amount of machinery, some of it practical and some of it useless. In one 
county in Illinois, containing 28 townships, 14 of the townships have each 
purchased a tractor and a large road grader at an expense of about $4,000 
for each outfit. Some of the other townships in this county do not want to 
be left behind and arc seriously considering the purchase of similar outfits. 
These tractors and graders are for grading the earth roads and, while excellent 
outfits for that purpose, will not be used by any township to exceed 20 days 
in any one year. Supposing the county had charge of this work, two or 
three of these $4,000 outfits would do the work of the entire county and 
every township would get the benefit, thus resulting in a saving to the county 
of at least $40,000. Furthermore, under the county unit plan every county 
could own in addition to the necessary small tools one or two steam rollers 
as well as a train of dump wagons to be drawn by a tractor for the construc- 
tion and repair of roads. The machinery necessary for economical road work 
could be owned by a county at much less than the townships arc now expend- 
ing for incomplete and inefficient outfits. It should be said that in this state 
under the new road law we arc not only tending toward the county unit 
plan through the State Aid Section of the law, but are providing for a county 
superintendent of highways whose duty it is to advise and assist the township 
hi^way commissioners as well as to approve all construction in excess of 
$200 and supervise the work for which the money is expended. 

There is still remaining to consider one channel of taxation, namely, the 
automobile and kindred license fees. This special tax is levied because of 
the excessive damage to the roads by the motor driven vehicles. These fees 
should therefore naturally go to the maintenance fund and if we shall con- 
struct the more permanent type of road such as brick or concrete, these fees 
will undoubtedly furnish an ample maintenance fund for years to come. The 
amount of the license fee to which motor vehicles are subjected varies con- 
siderably in the different states and could undoubtedly be increased in some 
of the states where the smaller fees are being charged. The owners of these 
vehicles should be very willing to pay increased fees where the money is 
being properly expended either for more pennanent road construction or 
proper maintenance. 

As showing what can be done within a comparatively short period of time 
towards permanent road improvement by a judicious combination of direct 
tax by the state and county, together with the issuing of bonds for one-half 
the cost of the improvement, let us take the State of Illinois as an illustration. 

I have stated heretofore that lUinoia is spending $7,000,000 annually. 
Assuming that it will require $2,500,000 annually to take care of the bridge 
and culvert expense and diat it will also require $1,500,000 annually to grade 
and drag the earth roads properly, which will allow about $20 per mile 
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per year, we would stUl have left a total of $i,O0OfX)O which can be properly 
applied to more permanent road construction. I have also stated heretofore 
that $7,000,000 per year over a period of 20 years would complete our 
system of state aid roads. This would mean that for th« next 20 years we 
would be obliged to raise through state and county taxes $4,000,000 per year 
in addition to the $3,000,000 which can be saved from our present taxation. 

Assuming that the average equalized assessed valuation for the state for 
the next 20 years will amount to $3,000,000,000, the $4,000,000, above 
referred to, would cost the taxpayer an average of 13 cents per $100 of 
assessed valuation. This would mean to the man owning a home valued at 
$1,500, assessed at $500, an additional tax of 65 cents per year; to the 
fanner of the state owning the average sized farm of 129 acres, assessed at 
$20 per acre, an additional tax of $3.35 per annum, or less than 3 cents per 
acre. 

The people, however, are not willing to wait 20 years for this ^tem 
of improved roads. Assuming that it will take at least lO years to do the 
construction work, we would then require a fund of $14,000,000 a year, 
$7,000,000 of which would be provided by direct tax as heretofore indicated 
and $7,000,000 thru a bond issue. This $7,000,000 in lo-year bonds would 
be issued each year, one-half by the state and one-half by the coun^, for the 
first 10 years and mature serially over the last 10 years, and each issue 
would mature in 10 years from the time of the construction of the particular 
section of road for which it was issued. You will understand that the fund 
for paying the principal of the bonds is provided through the annual $7,000,000 
tax. The only difiercnce in expense therefore between taking die entire 
20 years to do the work and doing the work in 10 years will be the interest on 
the bonds. This will average $1,400,000 per year for the entire 20 years and 
will add 5 cents per $100 of assessed valuation to the taxes. Thus it will cost 
the man owning the $1,500 home 25 cents per year more if we shall build this 
system of roads in 10 years instead of 20 years, and the farmer owning the 
average sized farm $1.29 per year more, or i cent per acre. 

The above estimates are made on the supposition that the state and 
county assume the entire burden of constructing this system of main roads. 
If the federal government should (and we believe it will) assume a part of 
this burden either through building a system of national highways connecting 
the larger cities and capitals of the states, or shall allot to the different states 
certain sums to assist in constructing the main market and post roads, then 
this estimated local cost would be materially reduced. 

I wish to say in conclusion that if we can unite the federal government, 
the state, the county and the township in this enterprise under a conservative 
and carefully worked-out plan, we can finance the improvement of our main 
roads within a reasonable period of time without inflicting any great burden 
upon the people. In many sections of the country the people are demanding 
that this work shall begin without further delay and be carried on to an 
extent that will give promise of its early accomplishment. They want the 
roads now while they are here to use them and if the present leaders do not 
provide the plan and the means by which the roads can be constructed, the 
people will provide other leadership that will give them what they demand. 
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CAN A RURAL COMMUNITY AFFORD 
PERMANENT ROADS? 

Address by Oliver H. Dunlap, President, Iowa State Supervisors 
Association, Kalona, Iowa 

Mr. Chairman : Gentlemen of the Conference : 

It is with some decree of pleasure and a good deal of regret that I stand 
before you at this time to talk on the subject of permanent roads. It ought 
to be a pleasure to any man to be accorded the privilege of meeting with a 
body of men of this kind with so great a cause at heart as that of permanent 
roads. I regret, gentlemen, I extremely regret that I have not the brain of 
a statesman or the tongue of an orator that I mig^t express myself more 
lully, as I would like to do at this time, and I assure you, gentlemen, it was 
with some hesitancy that I accepted this invitation, realizing as I do that I 
stand not only before the educated but the educators of the land, and realiz- 
ing also that the only store of knowledge that I have to draw from is that 
of experience which I have gathered along life's pathway. And I come to 
you, not as one who claims to know everything from the second year of 
Creation down to the present time on road building, but as a man from a 
rural district in the state of Iowa, and I will try to tell you something of the 
conditions as I see them there. 

Tlie subject assigned to me is, "Can a Rural District Afford to Build 
Permanent Roads?" And right here I want to find just a little fault with 
your program committee. They gave me just a little too much territory and 
I want to state here that my remarks will deal primarily with Iowa, for I 
know little or nothing of the conditions in other states. 

Now, I am going to answer this question just as I believe nine out of 
ten of the farmers of Iowa would answer. I am going to say no, and then 
add my version of the situation and say, not now. Now, I expect that answer 
will grate a little on the ears of some of you, coming from one who claims 
to be a good roads enthusiast and believing that we are fast approaching the 
permanent road age, and I imagine now that some of you are asking: "Why 
not now?" And the best answer that I can give to that is — "Because we 
have never begun." 

For fifty years we have been working the roads of Iowa without any 
^tem. We commenced no place and stopped nowhere. We had no end 
nor aim in view. We had no law fixing the width or elevation of grade. 
We had every conceivable type or style of bridge. We had township and 
county bridges, but no one knew where the township bridge stopped, or the 
county bridge began, and the only wonder, as we stand and look over the 
past, is that we have accomplished as much as we have. 

We therefore have mudi to do before we can start in a practical way to 
build permanent roads. One of the first and most essential things is per- 
manent culverts and bridges. Second, the establishing of maximum grades, 
wbidi is going to take both time and money. Surface and sub-drainage must 
be considered. And another important thing to my mind is a getting together 
of the material men and road-building ofEcials, so a specific price for a 
given length of time can be established. This sliding scale that we have 
been nibject to in the buying of cement must be eliminated, and last, but not 
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least, we must have time to get a trained corps of road builders, wfaidi we 
are very short of at the present time. Another thing to be considered is that 
word "permanent." What is a permanent road ? When our new roail Uw 
was in the making, eveiy conceivable type of road was su^csted, and each wu 
referred to as a permanent road until, finally, the word permanent did not 
mean anything when used in connection with the word road. 

But we have many encouraging signs, gentlemen. We have many iacton 
that are working separately, selfishly and yet, collectively, they are all work- 
ing for better roads. I suppose the greatest factor we have is the new road 
law that went into effect last April, and while that road law was a aore 
disappointment to the hard roads boosters, yet, gentlemen, to my mind, it is 
one of the very best laws that we could have at the present time. The 
framcrs of that law had a wider vision than most of the hard roads boosters. 
It conceived the idea that, before we began to build permanent roads for 
the few, we must build good dirt roads for the many, and so it set about to 
take the principal trade roads of each county and make them the very best 
dirt roads that can be made. It provided for the cutting of hills and filling 
of vales, the establishing of grades, proper drainage and permanent culverts 
and bridges. And, while it is true that the word permanent is not used io 
connection with dirt roads in this law, the practical road builder can see not 
only the very best dirt road, but he can see, in every bridge built, every 
culvert put in, in every scraper of dirt moved, the essential foundation and 
the definite end in view — that of a permanent hard road. 

Another factor is the army of good roads boosters that make up the 
road organizations of the state. These associations arc well organized ; 
they have their meetings; there is quite a rivalry — a sort of selfish pridc'^ 
as to which will be the best road, but, as a whole, they are all working for 
the one end — a permanent road. 

The mail carriers of the state, with an army of 2,500 men that travd 
practically every mile of the main roads every day, are all boosters for 
better roads. 

The educators of the state, that are clamoring for the consolidation of 
sdiools, so that the farmer's boy may have an equal chance with his town 
cousin, tell us that the greatest obstacle is the condition of our roads, and 
they are asking for a 365-day road. 

And so I might go on enumerating the many factors all trending in the 
one direction, which must sooner or later come — the period of permanent 
roads. 

Another thing that is encouraging is the great strides we have been 
making in the past. When we look back over the past, we see that the 
luxuries of only a few years ago arc absolute necessities today. Twenty-five 
years ago if you had asked me, "Will farmers ever have a daily mail?" I 
would have answered "No." And yet, today, they not only have their daily 
mail brought to their doors, but groceries and dry goods as well. Twenty 
years ago if you had asked me, "Can the farmer ever own and maintain a 
telephone system?" again I would have said "No"; but today we find 
practically every farmer has a 'phone in his house. And, coming down a 
little nearer, if ten years ago you had asked me, "Will the farmer ever be 
able to own and use an automobile?" again I would have answered "No," 
and added, "None but the wealthy would" ; but today we find that in Iowa 
there is an auto for every thirty-three people, and if the anticipations of the 
dealers are realized, they will make it unanimous in the near future. 

And of all classes of men who could least afford to give up these once 
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luxuries, but now necessities, the fanner is the last. May we not then 
expect — what was tme of the 'phone and the auto, will also be true of 
permanent roads? And when they have become a reality, the fanner will be 
the least willing to give them up. 

Another thing I have noticed is, we get things pretty much as we need 
them, and the very fact that we are gathered here in a National Conference 
is evidence in itself that the cry for better roads is nationwide. Tliat is 
another forward step in the onward march of civilization which, sooner or 
later, we must take. 

And now, just a glance at that word "afford." Right here let me say, 
there is no more deceptive word in the English language, when measured by 
the dollar and cents standard. I stand here as a representative of the boys 
who could not ailord to go to sdiool, and no man knows better than I what 
that word has cost me. Again, gentlemen, no man can take a pencil and 
figure out a profit to the fanner from an auto, yet the auto has done more 
to uplift the occupation and place it on the high plane where it belongs than, 
perhaps, any other one thing. It has done more to keep the boys and girts 
on the farm than all the poetry and prose written in this country. And the 
man who wrote the poem saying the farmer toiled from sun to sun, but his 
good wife's work was never done, has been put to shame by the ode of the 
auto. 

And I have come to this conclusion — that we can afford anything that 
is a forward step for the betterment of mankind, if we only think so. 

And now, in dosing, let me say, that I have great faith in the will ol 
the American people. I believe we will take the forward step in the future 
just as we have in the past, and I believe we are fast approaching the per- 
manent road age, and it may be even closer than we tliink, but when the 
time comes — when we have passed from the experimental to the practical 
stage of road building — when city has been connected with city and town 
with town — when the fantastic dreams of the most enthusiastic pipe-dreamers 
of hard roads have come true, and New York has again joined hands over 
a great concrete way with San Francisco — I give it to you as my opinion and 
as my prophecy, yea, as my pledge for the State of Iowa, that she will come 
forward and take her accustomed place in the building of roads, the place 
she now holds in the number of autos and 'phones owned. She will be in 
the front rank, in the first division and about half a step ahead of the other 
fellows. 
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THE CONCRETE ROAD SYSTEM OF 
WAYNE COUNTY, MICH. 

Address by Edward N. Hines, Chairman, Board of County Road 
Commissioners, Wayne County, Michigan. 

The laws of the State of Michigan provide a county system and a state 
reward system for the building of good roads. The county system is cmcd- 
tially the application of the home rule doctrine and no county can go into 
the building of good roads in Michigan under the county system widiout 
first adopting that system in that particular county. There are 83 
counties in the state and of this number 58 are now under the sys- 
tem. Wayne was the twenty-seventh county. At the time the county nnd 
system was up for adoption there were two methods whereby a county could 
signify its wishes on the county system — one by means of the initial action 
of a majority of the board of supervisors, and the other by means of obtaining 
the signatures of 10 freeholders in each of the several townships, villages 
and cities. For a number of years, Wayne County was unable to get the 
sanction of a majority of the Board of Supervisors, nor could the county 
get the necessary 10 signatures from all the townships. It was not untU 
1906 that the necessary 10 signatures of freeholders could be secured in 
3 of the townships. Finally, however, enough men were won over to 
the cause to put the county system up for adoption and the system was 
adopted by a vote of approximately 40,000 for to 7,000 against. The vote 
showed the real sentiments of the people on the road question, but when 
a board of county road commissioners was appointed a legal struggle ensued 
and the commission was rejected. However, a new commission was ap- 
pointed and the real work of concrete roads was begun. 

The first contracts accepted by the County Road Commission of Wayne 
County called for a bituminous type of road. After a year's experience, 
however, that commission, of which I was a member, found, just as road- 
builders are finding everywhere, that where the traiEc is mixed, the bitu- 
minous type of road or the water-bound type does not stand up widiout 
excessive cost for maintenance and repairing, so we began to look for a new 
type of road construction because we did not believe it was advisable to 
continue the building of types of road that were failures. We had observed 
the action of concrete under traffic in cross walks, in bridge floors and in 
other places; we figured that if concrete would withstand the wear of 
tralRc in those places it would probably stand up as a road if it were prop- 
erly designed and properly built to meet the requirements. 

We devised specifications for concrete roads and began to build them. 
We started work in April, 1909, and opened our roads in June of the 
same year. These first concrete roads are now in their fifth year and will 
soon start upon their sixth. Our roads have been inspected by almost every 
road-building expert in the country and the roads speak for themselves. 

Wayne County is flat to a very large extent with a sub-grade composed 
very largely of clay. The county is in a valley and here and there are found 
occasional stretches of deep sand. When we adopted the counQr road qvtetn 
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there was not a single mile of eood road in the whole county. There are 
1,379 miles of road in the county outside of the villages and cities of which 
^ut 150 miles arc now improved. 

In the old days, the roads were almost impassable. During 4 or 5 
months of the year certain farmers living along bad roads made a living 
by pulling heavy loads across the bad spots, and there are still a few 
such bad ^wts in the county on roads which have not t>een improved. It 
is often necessary for milk dealers or truck farmers to use 4 horses to 
get their loads upon the concrete. Once they arc on the concrete they can 
trot the rest of the way to market with a single team. Ira Wilson, who 
is one of the leaders in the Milk Producers' Union in the county, told me 
die other day that before the road was completed to his farm it was neces- 
sary for him to use 4 horses to get his milk to Detroit. One team made 
the i6-mile trip one day and another the next day. Since the road 
has been built Mr. Wilson has purchased a motor truck and goes to town 
twice a day, carrying twice as much milk on his truck on eadi trip as he 
formerly handled with the horses. 

One of the reasons why we gave up the building of macadam roads in 
Wayne County was because of the inability of macadam to stand up under 
automobile tral?ic. At slow speed the macadam road is not greatly injured 
by automobiles, but at high speed the macadam is stripped of the binding 
material holding the larger stone particles of the macadam road together. 
One advantage of the concrete road over the macadam road is that concrete 
is not dusty. The dust which an automobile raises on a macadam road, 
besides being a menace to health, is good stone dust that is badly needed 
on the road and is not needed at all in the fields where it usually settles. 
No oil or special preparation is necessary to keep the dust down on the 
concrete road. The drier the weather the cleaner the road. The only dust 
that is to be found on a concrete road comes from mud that has been 
tracked on the concrete. 

As soon as wc were convinced that our concrete roads were the proper 
type of road construction we began to devise ways and means of building 
them economically. One thing that we did was to establish storage yards 
at convenient points in the county. Another thing we did was to erect 
buildings in which to house our machinery during the winter months. In 
these same buildings we have provided shops for the repair of the machinery 
we use. While our road building equipment cost us a considerable sum 
of money, nevertheless it has been the means of saving the county far more 
than it has cost. We use wagons of the type best fitted for our needs. We 
use concrete mixers which we have found to be the most advantageous — the 
type of mixer that travels under its own power and has a projecting beam 
which can be swung in the arc of a half circle. We use steam shovels to 
unload our material from the cars and have unloaded as high as 27 cars with i 
shovel in 10 hours. When the material is unloaded from the cars into one of 
our storage yards we often find it advantageous to haul 4 or 5 wagon loads of 
it to the job behind steam rollers or traction engines. The stock piles enable 
us to continue our work without interruption in spite of the intermittent 
delivery of materials. We lay water pipes along the sides of our road and 
pump the water with gasoline engines from the nearest available supply. 

In order to avoid delay in the work we establish road camps at the 
various jobs. During die bu^ season we tiapXoy from 800 to 1,300 men 
and the coM of feeding eadi of them amounts to $4.50 a week, but we 
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believe that the money we spend in feeding our men and makins them com- 
fortable is more than ofket by their increased efficiency. 

When wc begin work on a road we begin in the winter by building our 
own tile for drainage purposes. Wayne County does all its own work, 
makes its own tile, builds its own concrete roads and maintains and looks 
after the county roads in general. Usually in taking care of drainage we 
tile with 4-inch land tile along street car lines and have an open ditdi 
alongside of the road. When spring opens our scarifying is done behind a 
steam roller, our grading is done with a steam roller, our hauling is done 
with steam rollers and traction engines. Wc do not believe in putting men 
at work on anything that a machine will do as well, as cheaply, or as quickly, 
and we have worked out a number of little economies that improve the 
quality of the work and cut down the cost. 

As soon as our drainage is cared for and our roadbed is prepared we 
haul our material to the job and pile it conveniently alongside of the road. 
We endeavor to pile our material in such a manner that as our mixer backs 
up our supply of material will remain in easy read). 

Our roads are constructed from washed and screened gravel ranging 
in size from % to lyi inches and washed and screened sand. We are 
very particular to have our aggregates free from clay, loam and other foreign 
substances. We use gravel in the construction of our roads because we have 
no other local stone available that is satisfactory. The limestone in Wayne 
County is very soft, so we purchase gravel of the proper quality because 
we can buy it at a cheaper price than we can buy any other material. 

When our materials are in place along the roadside we set our side 
forms. At intervals of 25 feet we set in place the steel plates which we 
use to protect the pavement at the expansion joints. These plates are of soft 
Steel about 3 inches in width and 3/16 of an inch in thickness with shear 
members which extend out 6 inches on each side into the concrete. 

We utilize a rich mix of concrete because we believe it pays to use 
plenty of cement ; the function of the cement is to act as the binder. The mix 
we use is nominally I :i^ :3. In reality, the mix is i =3 with sufficient sand to 
fill the voids — about 7 per cent or 8 per cent plus. We use a wet mixture and 
in mixing we specify that the concrete shall be turned about 50 or 53 seconds. 
We have made some few tests on turning the mixer, 4, S, 12, 16, 20, 24, 28 and 
3a revolutions, and we find that the average from the revolutions at 16 over 
those at 12 to 38 shows an increase in strength of about 25 per cent. 

Before we place the concrete we wet down the subgrade thoroughly to 
prevent its taking moisture out of the concrete. In placing concrete we 
utilize the side rails. These side rails are steel shod and the templet we 
use, which is cut to form the crown of the road, is also steel shod. 

After the concrete is in place we do not permit anyone to step on it or to 
throw anything on it or interfere with it in any way. The final fini^ is made 
with wood floats, which keep the road from being slippery. The edge of 
the road is pared down about 3 inches so that there will not be too sharp 
a division line between the edge of the finished concrete and the earth, 
gravel or macadam alongside. 

To prevent the concrete from drying out too rapidly we cover it wid) 
any material which is handy at the roadside and sprinkle it continuously for 
at least 8 days. We keep the traffic off for at least 2 weeks in warm weather 
and as ling as 6 weeks in cold weather. 
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Our concrete roads offer the best of service 365 days in the year for all 
types of vehicles. They arc not slippery in wet weather nor are th^ dusty 
in dry weather. The traffic to which some of them are subjected approxi- 
mates 2,500 vehicles a day. We have spent less than $100 a mile to maintain 
the first roads we built for the 5 years that they have been down, and in 
view of the service of the roads and their low cost of >y>-kecp we consider our 
concrete pavements a good investment. 

In connection with the maintenance of these concrete roads I want to dte 
an interesting incident. Rouge River is the only river in Wayne County 
that overflows its banks. It is spiled with a retaining wall at a point on 
Michigan Avenue Road, and that retaining wall was washed out a year ago. 
The concrete road alongside of the river was undermined 3 feet. It was 
undermined early in March and it wag June before we could get to the road 
to fix it up. The road sustained the traffic during that rime. We posted 
danger signs and warning signs to keep people oS the edge, but farmers and 
others did not keep off the edge so wc eventually put piles of earth and 
lanterns along the edge to keep them off. The traffic was earned over the 
washed-out part of the road for a matter of 9 weeks without any apparent 
harm to the concrete. 

In Wayne County you will find boys roller-slcadng into the country 
delivering papers on these concrete roads; you will find children going to 
school ; you will find city business men delivering coal and ice into the country ; 
you will find farmers hauling laiger loads into the city, and I think you will 
find the community at large well satisfied with the pavements; at least we now 
have on file from every section of the county enough petitions to build con- 
crete roads to keep us busy for the next 10 years, building roads at the rate of 
30 miles a year. 

There are a number of gratifying features in conjunction with the road 
work that has been done in Wayne County. For instance, last year Detroit 
issued over $31,000,000 worth of building permits, yet in terms of percentage, 
for the first time in the history of the county, Wayne County, outside of 
Detroit, increased its assessed valuation to a greater extent than the city of 
Detroit. 

There are two local sources of revenue for the building of our county 
roads. One is a direct tax levied on all the people of the county to be 
expended outside of the cities, and cannot exceed 50 cents on $1,000. The 
other is by bond issue. After we had been building concrete roads for a year 
people were not satisfied with the progress we were making, and they wanted 
to issue bonds for $2,000,000, to be spent in one year. The county Road 
Commissioners had not a sufficient organization to do this and finally a com- 
promise was effected to ^rcad that expenditure over a period of 5 years. We 
arc now in the fourth year. We will have $soo,ooo available during 1914 for 
road building. 

Last year, with the building of the Plymouth Road, we abandoned every 
other type of construction and adopted concrete entirely. 

Now, gentlemen, we do not claim for the concrete road that it is a 
panacea for all road ills. We arc proud of our roads. We have one section 
of road that is the longest concrete road in the world. It extends out from 
Detroit 38 miles. It is the Midiigan Avenue Road, called the old 
Chicago Road. Besides this, we have a goodly mileage of concrete in 
the county which makes Wayne stand out as one of the foremott road 
counries in the country. We do claim, however, that our concrete road ha* 
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merit and that it is well worth the investigation of any communit}'. In our 
locality we can build concrete for half the cost per square yard of any other 
so-called permanent pavement. We would insult your intelligence if we 
told you that we had not made mistakes. We have made mistakes — lots of 
them — but we have not made the same mistake twice. We have learned 
something, however, and any information that we have available is yours for 
the asking. 
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EXPERIMENTS WITH CONCRETE FOR ROADS 

CONDUCTED BY THE UNITED STATES 

OFFICE OF PUBLIC ROADS 

Address by J. T. Voshell, Senior Highway Engineer, United Statci 
Office of Pubuc Roads, Washington, D. C. 

Prior to 191 1 the Office of Public Roads had no money available to p^ 
any part of the cost of constructing experimental roads. All that it could 
do was to furnish engineering and laboratory aid to co-operate with such 
communities as were desirous of its co-operation and were willing to furnish 
all labor and materials. Therefore the character of the experiments in road 
construction conducted by this Office, prior to this time, were more or less 
controlled by the wishes of the local communities and no extensive experi- 
ments with concrete were made. 

A description of these early experiments will be of little interest except 
it be from an historical standpoint and as illustrative of early attempts at 
building concrete roads. No very definite conclusions can be drawn from 
them as to what may be expected of more recent work and possibly their 
greatest value has been to illustrate the wrong way of building concrete 
roads rather than the right way. For example, all of the earlier sections 
were built by depositing on a prepared subgrade or foundation a fairly dry 
mixture of concrete which was spread and tamped in place by hand, and 
although great care was exercised tn this work the surfaces of the roads so 
built were not smooth and therefore not in a condition to best resist the 
wear of traffic 

The Office of Public Roads has constructed experimental concrete roads 
at Ithaca, N. Y., Washington, D. C, in the Borough of Richmond, New 
York City, Bergen County, N. J., Borough of Queens, New York City, and 
Montgomery County, Maryland. As already indicated the methods employed 
in the first experiments have not proved satisfactory, but in order to show 
the evolution in the methods of construction a brief description of all of the 
experiments will be given. 

In 1909 Cornell University invited the Office to co-operate with it to 
ascertain die relative value of different road building materials and of dif- 
ferent road surfaces. The invitation was accepted and some twenty-five 
experimental sections of road were built, two of which were of concrete. The 
concrete sections were built on Forest Home Drive, just west of Sibley 
College, and have been subjected to a rather heavy automobile traffic and 
a considerable amount of country traffic. These sections, one 530 feet in 
length and the other 35 feet in length, consist of a foundation course of 
crushed limestone and a wearing course of concrete laid to a finished depth 
of four inches. The concrete of the 530-foot section is composed of i 
part of cement, 2 parts of sand and 5 parts of crushed limestone and 
that of the 35-foot section is composed of one part of cement, two parts of 
sand, and 6 parts of cinders. The cement was a standard brand of Port- 
land cement conforming to the requirements of the usual specification. The 
crushed limestone for the coarse aggregate was furnished in two sizes, one 
ranging from l^ to 2^ indies and the other from ^ Xa i% indies. The 
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5>ercenta£cs of voids were determined for each size of stone and for various 
mixtures of the two sizes. It was found that the percentage of voids waa 
lowest in a mixture consisting of 5 parts of the larger stone and 3 parts of the 
smaller and this mixture was used in the work. The cinders were from the 
University heating plant. 

All of the concrete was mixed in a stationary batchmtxer, hauled about 
300 feet in a dump wa^con and dumped upon a mixing-board from which it 
was shoveled into place and leveled with steel hand rakes. It was then 
tamped by hand with concrete tampers until mortar flushed to the surface, 
ifcer which it was rolled with a hand roller until the surface was fairly 
mooth. The work was done in the late fall and the concrete, as soon as 
it was laid, was covered with leaves to protect it from freezing. The leaves 
were not sprinkled and were removed after a period of 15 days. Traffic was 
then permitted over the road. 

It had been planned to apply several different bitiuninous materials to a 
corresponding number of short sections of the road surface, but approaching 
winter and inability to secure the matertab prevented the carrying out of all 
of these experiments except one. This experiment consisted of applying in 
oil-asphalt to a section of the road surface 30 feet in length. The oil-a^halt, 
having a penetration of 16.8 millimeters at 25 degrees centigrade, was heated to 
dbout 300 degrees fahrenheit, applied at the rate of 1 gallon per square yard 
and covered with stone chips. The surface of the concrete was damp and cold 
and the oil-asphalt did not adhere to it and by the following spring the greater 
part of it had worn away. 

During the summer of igio different sections of the concrete surface 
were treated with a refined semi-asphaltic oil, an oil a^halt, a refined coal 
tar, and a refined water-gas tar. The results of these experiments were not 
very satisfactory as the bituminous coats were soon worn through along the 
center of the road and at the end of a year there was not much evidence 
to show that they had been applied except a thin dead mat along each side 
of the pavement. Since that time the entire concrete surface has been annually 
treated with a bituminous material. 

At the present time the concrete road does not present as good an appear- 
ance as is now obtained by modern approved methods of construction, but 
it has nevertheless proved serviceable and does not show excessive wear. 
Soon after the limestone concrete section was laid a longitudinal crack 
appeared about 3 feet from the south edge, which led to the development 
of a long shallow rut. This was due to a poor foundation along this side 
of the road. The cinder concrete section has a smoother and generally more 
attractive surface than the other, but appears to have worn down about 
yi inch more than the limestone concrete section. No transverse cracks 
have been observed in either seaion. 

During 1909 the Office of Public Roads conducted a series of laboratory 
experiments to determine the effect of mixing with ordinary concrete a 
residual petroleum at the rate of from 3 to 5 quarts per bag of cement. 
It was found that the strength of the concrete was not materially impaired, 
that it absorbed much less water and that the early shrinkage due to setting 
was much reduced. Therefore it seemed probable that this oil-cement con- 
crete might be better suited as a surfacing material for roads than plain 
concrete and the experiments conducted during 1910 and 191 1 were for die 
purpose of giving this material a practical test. 

In co-operation with the District of Columbia, seven sections of omcrete 
w-nnent, bavinc a total length of 356 *«;t. wer^ ^'i^ "" M-ri4'*r PI^» 
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Six of these sections were of oil-cement concrete and one of plain concrete. 
A description of these experiments will not be given, as in less than a year 
after the pavement had been laid, sixteen openings, each more than a square 
yard in area and distributed throughout the length of the pavement, were 
made for the purpose of repairing a sewer. No attempt was made to restore 
the pavement to its original condition and therefore no proper conclusions 
could be drawn as to the relative values of the different seaions or of the 
value of the pavement as a whole. 

In co-operation with the Borou^ of Richmond, New York City, four 
sections of oil-cement concrete, having a total length of 444 feet, were laid 
at Port Richmond on that part of Innis Street lying between Morning Star 
Road and John Street. The sections differ from each other in that a 
different brand of cement was used in each, and in that each contained a 
different oil content. A residual petroleum oil and a cut-back petroleum 
residue were each used in two sections in an amount equal to 10 and 15 
per cent by weight of the cement. The concrete of each section consisted 
of I barrel of cement, 8 cubic feet of sand, 16 cubic feet of crushed stone 
ranging in size from ^ to ij^ inches, and 40 or 60 pounds of oil. It was 
mixed in a stationary batchmixcr, wheeled to its place in the road and 
spread to a uniform depth of 4 inches, after which it was tamped until 
mortar flushed to the surface. The work of laying the concrete was carried 
on over the full width of the street and no header was set against whidi 
the day's work would be finished. Neither were transverse or longitudinal 
expansion joints constructed. On account of omitting the header a sloping 
joint was formed and as a result the pavement has worn excessively at dicse 
joints. Quite a number of longitudinal and transverse cracks have appeared 
and a section about 30 feet in length, near the center of the experiments, has 
cracked so that the cracks form a very good outline of a huge spider-web. 
In one section the concrete seems to be of very poor quality and a number 
of shallow holes have developed. Taken as a whole these sections arc in 
poor condition. 

In co-operation with Bergen County, N. J., in June, 1910, the wooden 
floors of two small bridges were removed and replaced with oil-cement con- 
Crete. One bridge is 23 and the other 37 feet in length. The concrete was 
laid 6l4 inches thick at the center and 4^ inches at the sides on iron 
sheathing and reinforced with chicken fence wire. The concrete was com- 
posed of I part cement, 2 parts of sand and 4 parts of crushed trap 
rock ranging in size from J4 to ^ inch, and oil to the amount of 13 per 
cent by weight of the cement. It was mixed by hand, shoveled into place 
and well tamped. When inspected in January, 1914, these floors showed 
little evidence of wear, and no signs of cracks. All the wear that was 
noticeable was that where the floors join die macadam roadway the edget 
are slightly rounded. 

In 191 1, in co-operation with the Borough of Queens, New York City, 
a section of oil-cement concrete, 173 feet in length and 24 feet in width, 
was laid on Hillside Avenue. This avenue is the principal thoroughfare 
from New York City proper to Long Island, and a traffic census taken 
showed that an average of 1,830 vehicles pass over it eadi day. 

The concrete was composed of 1 part of cement, 2 parts of sand, and 
4 parts of crushed trap rock ranging in size from }4 to H inch and 
oil to the amount of 10 per cent, t^ wet^t, of the cement. It was mixed 
in a ttatioatry batdimixer and wheeled to its place on the road in wheel- 
barrowa, tpmi with raket to t uniform thickneat of 4 indies, and tamped 



41 



Digitizcc by Google 



FOSHELL ON EXPERIMENTS 

until it was well compacted. To correct the slight irregularities in the sur- 
face a mortar mixed in the proportions of 2 b:^ of cement, 2.5 cubic feet 
of sand, 7.5 cubic feet of trap rock screenings, and 8 quarts of oil was 
spread over the entire surface to a depth of about yi inch and brou^t to a 
smooth surface by floating with a wooden float. On a section, about lO 
feet in length, the irregularities in the surface due to tamping were corrected 
by casting over the surface a dry grout composed of i part cement and 
3 parts of trap rock screenings. When traffic was admitted to the road 
these chips were soon thrown aside and were of little if any benefit. Only 
one expansion joint was constructed and that near the center of the section.- 
It consisted of two courses of wood block 3 inches in width and 4 inches 
in depth laid on a sand cushion. The joints between the block and between 
the block and the concrete were filled with a native fluxed asphalt having a 
penetration of 13.0 millimeters. This expansion joint is now in as perfect 
condition as when it was first constructed. The edges of the concrete seem 
to have been perfertly protected. 

In May, 1912, this pavement was inspected and it was found that there 
were several small areas which showed considerable wear and the «itire 
surface was treated with bituminous materials. A refined coal tar, an oil 
asphalt and a tar-asphalt preparation were respectively applied to different 
sections of the surface and covered with sand or stone diips. By June, 1913, 
there were several small areas in the coal tar section from whidi the tar was 
missing, practically all of the tar-asphalt preparation was gone and abouf 
50 per cent of the area of the oil-asphalt section was bare. The entire sur- 
face of the section was then cleaned off and a refined coal tar applied to 
one-half and a refined water-gas tar to the other half at the rate of ^ gallon 
per square yard and covered with plenty of rather coarse sand. In January, 
1914, the entire section was in very good condition. 

Beginning with 1911, Congress has annually appropriated money whereby 
the Office has been able to pay part or all of the cost of constructing sections 
of road for the purpose of determining the relative values of the various 
road building materials and the various road surfaces. Since this time the 
Office has undertaken and carried out more extensive experiments than had 
before been possible and has also been able to dictate the nature of die experi- 
ments. 

Accordingly in 1912, in co-operation with Montgomery County, Mary- 
land, a series of experiments were carried out to determine the relative value 
of bituminous concrete, cement concrete and brick road surfaces when laid 
according to the best modern practice. These experimental sections, having 
a total length of 6,19; feet, were laid on Kensington Road beginning at 
Bradley Lane and extending to Chevy Chase Lake. The road has a double 
track street car line down the center of it and the section paved is a strip, 
20.5 feet in width, on the west side of the street car line. 

All of the work was done by a contracting company, which had had 
extensive experience in paving work, according to plans and specifications 
prepared by the Office of Public Roads. And while the work was well and 
faithfully done no extraordinary effort was made to secure a "sandpapered" 
job, and the work is representative of what should be expected from a good 
contractor. 

7*he concrete section, 3,950 feet in length, was built not only to detci^ 
mine the relative value of concrete as a material for surfacing roads but to 
determine the relative value of plain coniTcte and oil-cement concrete, ^ 
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sEErcgate, whether or not expansion joints were necessary, and, if so, the 
proper sp;u:ing for them, and to determine the relative values of various 
bituminous materials when used for a carpet or paint coat on the concrete 
surface. Therefore sections of plain and oil-cement concrete were built, on 
which the various bituminous materials were applied, and in which the above 
mentioned coarse aggregates were used, and the entire section was buUt 
without any Joints excepting such construction joints as were necessary at 
the end of each day's work. 

In the plain concrete the matcri^s were mixed in the proportions of i 
part of cement, i^ parts of sand and 3 parts of coarse aggregate and su£S- 
cient water to form a concrete of a "mushy" consistency. In the oil-cemcnt 
concrete the same materials were mixed in the same proportions as in the 
plain concrete, and in addition a residual petroleum oil was added at the 
rate of 5 pints of oil per bag of cement. The coarse aggregates ranged 
in size from that passing a i^-inch screen to that retained on a ^-inch 
screen; the sand was a good concrete sand obtained from the Potomac River; 
and the cement was a standard brand which met the requirements of the 
"U. S. Government Specifications for Portland Cement." All of the con- 
crete was mixed in a street paving mixer, equipped with a rotary distributing 
device, which deposited the concrete practically in place upon the subgrade. 
After the concrete had been deposited to a depth of slightly more than 6 
inches, it was carefully "struck o£F" with a "strike-board." The surface was 
then floated with a wooden float. 

To determine the changes in length of any section of the concrete road 
due to changes of temperature, brass plugs were embedded in the concrete, 
just before the final floating, in two rows 5 feet from the edges of the 
pavement; one row with a lo-foot spacing and the other with a jo-foot 
spacing. 

When the concrete had partially set it was covered with paraffined canvas 
which remained in place until the concrete was hard enough for the surface 
not to be damaged by men walking upon it. The canvas was then removed 
and the concrete covered with a 2-inch layer of sand or earth which was kept 
wet for a period of 10 days. The construction joints were made by setting a 
header perpendicular to the subgrade and at an angle of 80 degrees with the 
center line of the road. 

When the sprinkling was discontinued and the concrete began to dry 
out, transverse cracks began to appear. The cracks did not appear at regular 
intervals, and their location was undoubtedly somewhat controlled by joints 
in a concrete gutter, which had previously been built along the road and 
gainst which the pavement was laid, as a majority of the cracks in the 
pavement appeared opposite joints in this gutter. By the time the concrete 
had thoroughly dried out, the cracks were an average distance of about 75 
feet apart. A few more cracks appeared during the following winter, since 
which time none has developed. At the present time the average length 
of the monolithic sections is 43 feet where gravel was used as a coarse 
aggregate and 121 feet where crushed stone was used as a coarse aggregate. 
The shortest monolith is in a gravel section and is 15 feet in length, while 
the longest monolith is in the crushed stone section and is 320 feet in length. 

Measurements have been taken from time to time between the braM 
plugs, heretofore referred to, with a lo-foot strain gauge so designed as to 
measure accurately to i/iooo of an inch, and it has been found that At 
concrete changes in length with a change of temperature in an amount quite 
near what would be obtained by applying (be factor for the coefficient of 
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expansion of concrete, and making a reasonable allowance for friction on 
the subgrade, thereby showing that the concrete contracts more at the time 
of setting than it expands due to subsequent rises in temperature. 

Of course the width of the cracks changes as changes in temperature 
occur but ordinarily they appear to be from i/»6 to j^ inch in width. The 
largest cracks occur between the ends of the longest monolithic sections — 
those occurring at the ends of the 320-foot monolith have an averse width 
of about 34 iiich- If t^^^ cracks were to become filled with relatively 
incompressible material it is evident that compressive stresses would be devel- 
oped in the concrete and would have to be taken up by the elasticity of die 
material. The maximum and minimum temperatures of the pavement so 
far observed were respectively 115 degrees and 25 degrees fahrcnhcit and the 
pavement shows no signs of having, in the least, been damaged by this variation 
of temperature. 

The edges of the cracks have been broken ofE to some extent by traffic, 
though not to such an amount as to be of much damage to the pavement. 
Those in the sections in which gravel was used as a coarse aggregate have 
broken oS to a much greater extent than those in the crushed rock sections 
and all have broken o£F more than the edges of the construction joints in the 
same sections. 

Last May a refined coal-tar, a refined water^as tar preparation, a 
fluxed native aq)halt and an oil asphalt were respectively applied to different 
sections of the plain and oil-cement concrete which bad been laid the pre- 
vious November. The surface of the concrete was thoroughly cleaned by 
sweeping and washing and the bituminous materials were applied hot by 
means of a hand distributor at the rate of }i gallon per square yard, after 
which a layer of stone-chips or ^-inch gravel was spread over the surface 
and rolled with a 5-ton tandem roller. 

In addition to the 8 sections above mentioned, bituminous materials 
were applied to 2 other sections of the concrete surface. The sections 
were cleaned as above described and the surface of one was painted with 
an emulsified native a^halt at the rate of about i/io gallon per square 
yard and the other with a light refined water-gas tar at the rate of about 
1/5 gallon per square yard, after which a fluxed native asphalt was applied 
as above described at the rate of about yi gallon per square yard. 

At the present time there is no apparent difference between the corre- 
^nnding sections applied to the surfaces of the plain concrete and the oQ- 
cement concrete. There is, however, a difference between the sections coated 
with the different bituminous materials. The sections to which the refined 
water-gas tar preparation was applied are in a very good condition, as there 
are relatively few bare areas, the bituminous material is flexible and adhesion 
between it and the concrete surface is good. The refined coal-tar sections 
are in fair condition, but there are numerous small bare areas and while 
adhesion between the tar mat and the concrete surface is good the tar 
appears to be rather "dead." The sections treated with the fluxed native 
asphalt and the oil-asphalt are in good condition on the east two-thirds of 
the road but on the west third there are a number of rather large bare 
areas. T^e asphalts are flexible but do not appear to adhere well to the 
concrete surface. The section to which a paint coat of light refined water- 
gas tar was applied is in good condition — the bituminous materials are flexible, 
adhesion with the concrete surface is good and few bare areas occur. The 
section to which a paint coat of emulsified asphalt was applied is in fair 
coiuUtion 00 the eaM half of die road, while on die wett half ^lout 40 per 



oyGcvoglc 



WITH COSCRETE FOR ROADS 

cent of the concrete surface is bare. Adhesion between the asphalt mat and 
the paint coat appears to be poor. 

A section, 50 feet in length, was treated with a crude water-gas tar at 
the rate of about i/io gallon per square yard. This penetrated the 
concrete to such an extent that the surface at the present time has a dark 
brown color. There was not sufficient material to form a mat and it docs 
not appear that this treatment is of any value in protecting the concrete 
surface from wear. However, it appears to be an efficient method of color- 
ing a concrete road to obviate the more or less objectionable glare due to the 
sun shining on a white concrete pavement. 

From the experiments conducted by the Office of Public Roads the 
following conclusions appear to be justified: The surface of the road should 
be smooth and uniform and to obtain this in a most practical manner rather 
wet concrete should be used. The coarse aggregate should be relatively 
small, preferably one in which all of the particles will pass a i>^-inch 
screen. The concrete should be rich in cement in order that the mortar may 
be sufficiently strong and tough to resist, to a considerable degree, the wear 
of traffic and to hold the [>articles of the coarse aggregate in place. Trans- 
verse contraction joints should be constructed but expansion joints seem 
unnecessary. Particular attention should be given to the curing of the 
concrete by covering it and keeping it wet to insure that the mortar will 
have the essential qualifications of strength, hardness, and toughness, and in 
order that sufficient tensile strength may be developed, before initial shrink- 
age occurs to prevent cra<^ from being formed between joints. These 
conclusions are only qualitative. It is hoped, however, that these experi- 
ments may eventually furnish sufficient data to warrant, at least, a few 
definite quantitative conclusions. 



DISCUSSION 



Mr. Mclntyre: — I would like to ask Mr. Voshell if he noticed the same 
condition whidi I did upon the sections covered with the bituminous covering. 
I noticed that the traffic, the heavy loaded teams, came along in one direction, 
that is, from the south of the station, which was down at the bottom of the 
hill at the end of the road. The bituminous mat came ofi in places where 
that heavy traffic was, but on the other side of the road, whidi took light 
driving, the bituminous mat stayed in position. 

Mr. Voshell : — ^Ycs, sir, that is correct. 

Mr. Spademan: — I would like to ask Mr. Voshell whether there is any 
difference between heavy hauling on a plain concrete surface and a surface 
covered with a bituminous carpet. 

Mr. Voshell: — ^The section covered with the bituminous carpet is on 
about a 3 per cent grade, and the greater part of the balance of the con- 
crete is on a 3 per cent grade. We made inquiry of some of the teamsters 
using the road and they expressed themselves as seeing no particular difference, 
except that in very cold weather they found the sections having a bituminous 
carpet slightly more slippery than the plain concrete sections. 

Mr. Gerber: — I would like to ask how the oil was applied to the con> 
Crete, whether in an emulsion or after the water was applied. 

Mr. Voshell: — In the otl-ccmcnt concrete the oil was poured into the 
mixing drum after the diarge was thoroughly wet. Care was exerdsed to 
prevent any oil ooming in contact with dry aggniate. 
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CONCRETE ROAD CONSTRUCTION BY THE 
OHIO STATE HIGHWAY DEPARTMENT 

Address by H. D. Bruning, Division Engineer, Ohio State Highway 
Commission, Columbus, Ohio 

The operation of the State Highway Department of Ohio is confined 
to the construction, improvement and maintenance of certain roads, designated 
as inter-county highways, which form a system connecting the principal cen- 
ters of commerce within the state. Being thus the main arteries of travel, 
they demand an improvement which will bear the burden of traJGc of medium 
and heavy density. No detailed traffic census has been undertaken by the 
Department, and the decision as to the kind of pavement to be used is not 
wholly dependent on the character and amount of trafEc, but in a great 
measure on the character of materials easiest at hand. Where traffic con- 
ditions are the deciding factors, local authorities are consulted as to present 
traffic, and an estimate made as to the probable growth due to the improve- 
ment and the increasing commercial activities. Owing to the wide avail- 
ability of materials suitable for first-class concrete construction in the state, 
the concrete road has found its place among the several types of roads used by 
the Department. The total mileage of concrete roads completed to date is 
39.63 miles, and the mileage under construction and let, 23.06 miles, making 
a total of 64.69 miles. The first concrete road constructed by the Department 
was completed in July, 1911, and the total mileage of concrete roads con- 
structed, under construction and let, represents about 18 per cent of the mileage 
of all classes of roads put under contract since that time. It is thus apparent 
that the concrete road has a great prominence in the road-building art in 
Ohio, and the demand for such roads is growing day by day. Such demands 
often come from farmers and other users of horse-drawn vehicles, which 
seems to eliminate the oft quoted objection that this type of road, when 
untreated with a bituminous mat, is hard on country-bred horses. 

The materials for aggregates of concrete are distributed over the entire 
state, and nearly every mile of road in the state is within reach of these 
materials at a reasonable haulage distance. The western half of the state 
is an area where limestone is abundant, and the eastern part is supplied to a 
great extent with furnace slag dumps. Again, the northern and western 
section of the state is covered with a mantle of clay, sand and gravel, resting 
directly on the hard bed rock. This mantle was brought in and deposited 
by the great sheet of ice which at one time covered much of North America. 
The melting of this sheet of ice formed waters, which assorted the glacial 
materials, and deposited it in beds of clay, sand and gravel. Thus vast beds 
of gravel remain in the valleys of the Ohio, Muskingum, Hocking, Miami 
and Scioto Rivers. Some 150 quarries, operating in the limestone belt, and 
30 sand and gravel washing and screening plants are shipping their products 
into the markets of the state. In addition to these, local sand and gravel 
deposits and limestone quarries arc found in sections where railroad fadlitiea 
are not at hand. Thus it may be said that no section of the state can be 
found where concrete materials of prescribed diaracter are not avaSUdc widiin 
retaonable hauling distance. 
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BRUSISG ON CONCRETE ROAD 

would exceed the other two in qualification to withstand the eflecta of heavy 
loads and extreme temperatures. A reference to the table will show the 
various thicknesses used. 

The standard crown is ^-inch to the foot. This has been found 
siifBcient to insure perfect drainage of a concrete road with the usual small 
imperfections in the surface, and after the road becomes abated with a mat 
of dirt. The ability to drain itself with so small a crown at once becomes 
one of the merits of the concrete pavement. 

Defects in the roads constructed do not point to any faults in the details 
of the design of the cross-section, as they do to the details of inspection. To 
assist in the matter of inspection, a well equipped laboratory is maintained 
by the Department, and all materials entering into the construction are given 
thorough standard tests. A very important requirement in first-class con- 
crete construction is to get a sand of good quality, and where sand of a 
doubtful character is submitted, it is tested for tensile strength, the require- 
ments of the q>ecificatians being that the tensile strength of briquettes made 
with the proposed sand shall not be less than the tensile strength of briquettes 
with standard Ottawa sand and the same cement. Cement is tested in car 
load lots. 

The proportions now used in all concrete road construction by the Depart* 
ment are I part cement, ij^ parts of fine ^CEregatc, and 3 parts of coarse 
a^regate. The proportions of the mortar arc maintained uniformly i part 
cement to ij^ parts of fine aggregate, and the amount of coarse a^rcgate is 
varied somewhat for the different classes of material, so that there is an excess 
of about 10 per cent of mortar over the voids in the coarse aggregate as an 
advantage in finishing. Although the leaner mix used on the first two roads, 
namely, 1 part cement, 23^ parts of fine aggregate and 5 parts coarse aggregate, 
has given fairly good results, it was found necessary to employ the richer mix to 
assure absolutely satisfactory results. A lean mix requires much more care 
in mixing and placing, and It is in these items where causes of defects and 
failures in concrete roads are prominent. At least, this has been the experi- 
ence of the Department. 

The mixing is done by machine mixers of the type known as "Batch 
Mixers." No "continuous mixers" are allowed to he used. Before any 
work of mixing and placing of concrete is started, the engineer in charge 
determines the proper proportion of the coar« a^regate to secure maximum 
density and the excess mortar of 10 per cent above the amount required to 
fill the voids in the coarse aggregate. The materials arc measured by 
methods which will insure uniform proportions at all times. Usually this 
is done in wheelbarrows, which are gauged accurately as to capacity; but 
in a few instances the measuring has been done in cubical boxes containing 
I cubic foot. Our greatest trouble in the past has been to maintain a 
uniform consistency of the concrete, but this trouble has been greatly 
alleviated since the contractors' forces are becoming more experienced in this 
class of work. The concrete is made sufficiently wet to require no tamping, 
but there is a strong tendency among the contractors to make it sloppy, which 
necessarily results in more or less separation of the coarse aggregate from 
the mortar. This tendency has resulted in the formation of waves on some 
of the heavy grades due to the creeping of the concrete. On die heaviest 
grade it is advisable to use 1 somewhat drier mixture, and this nile hag been 
carried ont in our coastmctioa w h e i CT cr pamSAx. 
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After the surface of the concrete has been shaped by the use of a templet, 
it is floated witli a wooden float in such a manner as to thoroughly compact 
and seal the surface, and produce a surface conforming to the exact crown. 
No depression is allowed in the finished work which is greater than J^ indi 
from a lo-foot straightedge applied to the surface of the concrete and parallel 
to the center line of the pavement. 

The ^>ed£cations provide that within i hour after the surface of the 
concrete has been floated, a canvas covering ^all he placed over it and left 
in place for at least 12 hours. This provision has not been carried out 
in alt cases, but instead the surface has been kept wet by sprinkling. The 
sprinkling is continued for at least 5 days and in most cases a covering of 
sand, dirt or straw has been used to assist in retaining the moisture. This 
precaution is absolutely essential to secure the very best wearing qualities of 
the concrete. 

A common point of failure in pavements thus far constructed is in the 
expansion-contraction joints, which on most of the roads have been placed 
at intervals of 30 feet, but in some cases, for reasons unknown to die 
speaker, 2 greater spacing was made. However, this failure is usually in 
cases where poured joints were used, and the speaker's observation is that 
this source of failure has been largely eliminated by the use of tarred felt 
joints. In one road (Road No. 14) Baker plates have been used and the 
results are fairiy satisfactory, although some wear is apparent, due probably 
to the imperfect placing of the plates. A reference to the table will at once 
show that transverse cracks do not appear, except in rare cases, where 
joints are not more than 30 feet apart, but in all cases these cracks occur in 
large numbers where the joints have a spacing greater than 30 feet. On Road 
No. 14, Section 3, of the Piqua-Troy Road, one 90-foot section developed 4 
transverse cracks; 6 sections, 3 such cracks, and 21 sections, 2. In no case do 
these cracks show any apprcdable wear, but they will doubtless prove to be a 
source of annoyance in maintenance of the road after several years' service. 

In this conneaion, it may be of interest to state that a 12-foot pave- 
ment, 6,946 feet long, was completed in September, 1912, by the county of 
Huron as a monolith. The aggregates were Bellevue crushed limestone and 
Canadian sand. Six sad:9 of cement were used per cubic yard of concrete. 
Over one-half of the road the thickness is 6 inches, and the pavement rests 
on clay sub-soil. Over the other half the average thickness is ; inches, 
and the minimum 4 inches laid on old sandstone foundation. On in^KC- 
tion made last month, it was found that 85 transverse cracks had formed, 
ranging in spacing from 9 feet to 139 feet. The cracks are very irregular 
and several are badly worn. The same general condition both as to number 
and spacing of the cracks existed on each half of the road. 

The much discussed question of the advisability of treating the surface 
of concrete pavements with a bituminous mat is being investigated very 
carefully by the Department. The results thus far obtained on 23 roads 
thus treated have rather discouraged further general application. The method 
of surfacing the concrete with the bitumen is as follows: After the concrete 
is well hardened, a period of not less than 10 days being specified shall elapse 
after the concrete has been placed, tar or asphalt heated to from 200 degrees to 
250 degrees fahrcnheit is applied, in quantity equal to }^ gallon per square 
yard, and spread uniformly over the surface. While the tar is still soft there is 
qiplied a layer of coarse sand or pea gravel in amount of one cubic yard to 
^KMit 100 iquare ytrda of lurface. This forma a mat varying in thickness frofn 
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% to yi oi an inch. Present specifications limit the covering to tar products 
and gravel, ranging in size from j^ to ^ of an indi. 

On inspection just made by the speaker and Division Engineer Harwood 
Lcrsch, the data obtained show that on only four out of 23 roads treated 
has the bitumen given good results, on all other roads it has peeled off in 
varying degrees as shown in table. An examination of the tar mat that 
peels off almost universally shows that the tar has adhering to its under sur- 
face a film of inert mortar, from 1/32 to ^ inch in thickness, that has been 
separated from the surface of the concrete. It thus seems that the peeling 
is not due to failure of the adhesion of the tar to the concrete, but the peeling 
is due cither to an action of some ingredient in the tar on the concrete surface, 
or more likely to the nature of the concrete itself, which makes it possible 
for the tar to pick up the top film of the concrete. Where the treatment 
is an oil asphalt, this condition is not true, and it is the experience of the 
Department that such a product can not be successfully made to adhere to 
the concrete. 

The life of 3 bituminous tar treatment (where the same adheres to the 
surface) depends upon many factors. To accurately determine these factors 
is somewhat of a problem. Examination of the various roads reveals that 
tar mat filled with sand wears off much faster than one filled with pea sravel, 
which will resist abrasion to a higher degree. The treatment of tar and 
sand on Road No. 11, Youngstown-Ncw Bedford Road, indicates a probable 
life of not to exceed 2 years, same having worn down to a thin mat not 
exceeding 1/16 inch after a use of only 7 months under heavy mixed traffic 
At a cost of 9.5 cents per square yard for sudi treatment, whidi is an avenge 
cost on all roads treated, the maintenance of same would be rather excessive. 

An interesting fact has revealed itself on Section 19 of the South Higji 
Street Experimental Road at Columbus, constructed under force account by 
the maintenance bureau of the Department. A Dolarway treatment wu 
applied at the rate of O.36 gallon per square yard, and covered with coarse 
sand. The 33 feet at the south end of this section was given two applica- 
tions of the tar and sand. The part given one application peeled badly, while 
the part given two applications holds, and is in good condition after ij 
months' use under very heavy mixed traffic. The latter presents very much 
the appearance of an asphalt pavement. On Section 20 of this same road 
where Tarvia was used, what peeling has taken place has been on the parts 
which received the least tar. 

Owing to the apparent short life of the bituminous wearing course as 
heretofore applied, it would appear in the light of present knowledge of the 
subject to be uneconomical to apply such surfacing, or attempt to maintain 
a bituminous top on the pavements thus far treated in this manner. How- 
ever, the use of tar for treating cracks which develop in the pavement, and 
the use of tar and mineral aggregate for patching defects such as worn joints 
and holes, is very effective, and apparently the cheapest method of main- 
taining a good surface on such a road. Such repairs should be made at least 
once every year. The cracks, joints, or depressions should be swept clean of 
all foreign matter before the heated tar is applied. The mineral aggregate 
should be clean, thoroughly dry, and of a size practically as large as the 
depth of the hole. If fine material is used the traffic will drive the tar to 
the top. This tar concrete diould be thoroughly tamped. While a^halt 
may be used for filling of joints and cracks, it ia usually advisable to Teptix 
depretuons in the sur^ce «• *'^ mt* ♦{"»» »«•' ff -hit ut*»r •"upoae, tar 

haa ntP tb* 'f ^mil*t 
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Tliere are, of course, exceptions and situations that can be cited where 
possibly some advantage can be gained by the use of the bituminous surface 
treatment over the entire pavement, as for example in the case of badly 
cracked and checked pavements. To date, no systematic operation of main- 
tenance has been developed by the Department, but a complete oi^nizatlon 
for maintenance, under the immediate charge of superintendents employed by 
the Department, is being perfected. 

The average cost of the concrete pavements completed to date is $1,128 
per square yard, as set forth in the table. This cost is the contract price 
paid and does not include the cost and expense of engineering and inspection, 
but does include the cost of grading and finishing of shoulders and ditches 
and a small amount of accessories. Deducting from this average cost the 
average cost of surface treatment, which is 9j4 cents per square yard, there 
remains $1,033 as the average cost per square yard of plain concrete including 
grading, shoulders and accessories. The average cost of grading, finishing of 
shoulders and ditches and accessories is $0,167 per square yard of paved 
surface. Deducting this from $1,033 ^^ ^ave 86.6 cents as the average cost 
per square yard of the plain pavement alone exclusive of engineering and 
inq>cction costs. 

Examinations of the details of the 29 roads o>mpIeted, duriiig and after 
construction, gives information from which we are able to draw the follow- 
ing conclusions: 

1. That careful and intelligent inspection and the use of only first 
class material are essential to the construction of concrete pavements to 
insure permanency. 

2. That the use of bank run gravel or crusher run limestone should 
not be permitted. 

. 3. That a rich mixture is necessary as a factor of safety against 
irregularities in the mixing and placing of concrete. 

4. That the wearing quality of the pavement is often greatly im- 
paired by insufficient protection against too rapid drying. 

J. That there is no apparent difference in the permanency of pave- 
ments constructed on either a flat sub-grade or on a sub-grade having 
a crown. 

6. That the weakest points in the pavement are at the expansion- 
contraction joints and that tarred felt is preferable to a poured joint. 

7. That the part of the shoulders next to the concrete pavement 
should be reinforced by placing stone or gravel macadam on i to a 
feet of the shoulders next to the pavement. This will avoid the usual 
formation of a rut in the shoulder which tends to retain the surface water. 

8. That a bituminous surface treatment is not essential to a good 
concrete pavement. 

9. That observations indicate there is no special value in roughening 
the surface of the concrete preparatory to putting on the surface treat- 
atent, and such roughening will tend to increase the wear if the surface 
OMt is worn awqr and not replaced. 
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10. That aq>halts used as a surface treatment for concrete have 
peeled more than tars. 

11. That the results secured in the surface treatment of the present 
time do not warrant its use in great quantities, but experiments should 
be carried forward in sufficient number to learn further facts and estab- 
lish, or di^rovc, those already thought to be known. 

12. That first class concrete pavements have every indication of 
ability to stand up under heavy steel tire traffic. 
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REPORT OF COMMITTEE I 

CONTRACTION AND EXPANSION OF 
CONCRETE ROADS 

Ckairman~'R. J. Wic 
Bunwi of Standirdi, DeputmcDt of Commerce, WuhiuKton, D. C. 
N. H. TVKKICUFF W. A. MclNTYRE 

Civil Engineer, Davenport, lova. Ensiaeer Aw'n of American Poitlaud Cement 

Manutacturen, Philadelphia, h. 

Youi Committee has collated such data as were available on the expan- 
sion and contraaion of concrete, especially diat applicable to roadways, and 
begs to submit % report in whidi the subject is amsideicd in the following 
order : 

I. The cause and effect of expansion and contraction of concrete ia 
concrete roads. 

II. The application of present knowledge to the prevention of cracks in 
concrete road construction. 

III. Suggestions for further investigation. 

I— THE CAUSE AND EFFECT OF EXPANSION AND CON- 
TRACTION OF CONCRETE IN CONCRETE ROADS 

The effect of contraction may be finally evidenced by cracking and that 
of expansion by crushing, q>alling or buckling. The engineer is interested in 
this subject only so far as it affects the integrity of the road. The chief causes 
of expansion and contraction are : 

I. Changes in the temperature of the concrete. 

3. Variation in the moisture content of concrete. 

3. Variation in the condition and character of the sub-base. 

4. Excess loading by traffic. 

I. Tht Effect on Expansion and Contraction of Temperature Changes in 
the Concrete 

It is generally considered that the variation in the temperature from 
season to season tending to cause a change in length, combined with unequal 
frictional resistance between the concrete and Jie sub-base, is the primary 
cause of cracking. The change in die length of concrete due to temperature 
if free to move, as determined by Bonnicau, Annals des Fonts et Chauss^es, 
Christophe, Le Be ton Armt, Sir A. R. Binnie, Proc. of Min. InsL, C E., 
W. D. Pence, Purdue UnivertiQ', Professor Hallock, Columbia University, 
Professor Lyford, Worcester P<^ytechnic, and Professor Norton, ranged 
from xxxxx>8o5 to .000004335 per degree F. per unit length, die accepted 
value being about .OOOO06. Aaiuming a normal range of temperature of 
90 degrees F. the movetnent whidi would occur without restraint is about 
^00034 per unit of length. 
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In practical work, however, several elements enter tending to modify the 
temperature effect. A reduction in the moisture content of concrete would 
cause a contraction while an increase would cause expansion, thus aiding or 
counteracting the effect of temperature. The friction on the sub-base in the 
case of a road will always reduce the movement. In some recent experiments 
made by Henry S. Spaclunan upon experimental slabs of i :2 :3 concrete i8 
inches wide, 6 feet 6 inches long and 6 inches thick, on a clay sub-soil a 
total movement of .00017 per unit length was observed under a change in 
temperature of 65 degrees F, between July and November. The theoretical 
temperature nwvcmcnt for this range would he .000384 per unit of length. 

Measurements made by the Bureau of Standards on a concrete road on 
Morris Turnpike, near New Village, N. J., covering a period from October, 
1912, to October, 1913, and in Nazareth, Pa., from June to October, 1913, 
show that the linear change in the concrete is not in accord with the tem- 
perature change. These measurements were made by stretching an invar 
tape, graduated to meters, along the road spanning several slabs and reading 
every second meter, the figures recorded as slab changes represent changes 
between the points nearest the ends of the slab. Readings were recorded to 
hundredths of a millimeter (.00039 inches). This is illustrated in Figures 
I to 3 of the Bureau of Standards diagrams, pages 56, 57 and 58, in which the 
linear changes occurring in a number of slabs have been plotted together with 
the mean temperature, moisture and weather curves. It will be noted that 
curve "K", Figure 3, shows a continual shortening of a 32 foot slab. The 
concrete was placed June 9th and measurements started June 18th. Between 
the latter date and August 19th there is a considerable ^ortening of the slab 
although the temperature had increased during this period. From August 
19th to September 30tb there was a drop in temperature and the shortening 
still continued. 

The measurements plotted in curve Z-3, Figure 2, were started five days 
after the concrete was laid. The curve indicates an elongation from Novem- 
ber to April, when it readies a maximum, followed by a shortening untO 
August, when a decided shortening is evidenced and this is followed by an 
elongation until October. 

During this period there was a mean temperature range from 16 degrees 
to 84 degrees F. 

In curve £, Figure i, the linear change in a 50 foot slab is plotted over 
the same period covered by curve Z-3, Figure 2. Measurements were started 
on this course the day after the concrete was laid. During the winter months 
diere is indicated an increase in length and from April until August a decrease. 
Curve £, Figure i, shows a small expansion and contraction during the first 
wtek but otherwise conforms to curve Z-3, Figure 2. The changes plotted 
do not represent the differences obtained from observations made upon the 
end reference plugs only, hut are obtained by summing up the changes observed 
at points two meters apart throughout the length of the slab. 

The only explanation which can be given for the marked contraction in 
the slab plotted in curve K, Figure 3, is that this slab was constructed on an 
old concrete road in which the cracks were sealed with cement mortar and 
a half inch layer of clay placed upon this base to prevent a bond being 
formed between the new and old concrete. These conditions prevented die 
new concrete from absorbing moisture from below anr) permitted evaporation 
from the top, thus «-"'ising a ihortenint o* h^ "'"h ^-^ •>>imonienon has 
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The expansion indicated by curves E, Figure i, Z-3, Figure a, and K, 
Figure 3, from November to April, could not be due to temperature influence 
and therefore must be due to increase in moisture content of the concrete. 
It will be noted from the precipitation curve that considerable rain fell during 
the latter part of March and the early part of April. The contraction from 
April to August is contrary to the condition which should result from a rise 
in temperature, and this can only be explained by a drying out of the concrete 
sufficient in amount not only to overcome the expansion due to a temperature 
increase of 20 degrees F. but also to show a substantial contraction. From 
August to October the slab shows expansion which again can be explained 
by an increase in moisture content as there is no rise in temperature. It will 
be observed that this condition prevails in a number of other curves. 

The only explanation which can be offered for an expansion similar to 
that indicated in curve E, Figure i, is the fact that the day after the concrete 
was laid the surface was thoroughly sprinkled with water and kept wet 
during the whole day, and there is also the possibility of temperature increase 
due to chemical action during the setting of the cement assisting expansion. 
The slab plotted in curve E, Figure i, together with all slabs of courses 
A, B, and C, were sprinkled more thoroughly than any of the other stabs. 

Tlicre is no data available to indicate the expansion which might be 
expected in green concrete due to a rise in temperature brou^t about by 
chemical action during setting. Several of the curves nf results obtained on 
courses A, B, and C, Morris Turnpike, would indicate that this setting 
heat might be effective in causing expansion. Temperature measurements 
have been taken in a number of cases, such as the Boonton Dam in New 
Jersey, the Panama Canal Locks, the Walnut Street Bridge, Des Moines, 
Iowa, and the Keokuk Dam, as well as in laboratories of Lehigh University 
and Watertown Arsenal, and the temperature increases were noted to range 
from 17 degrees F. to ro8 degrees F. in less than 18 hours after mixing. 
Such a great increase in temperature as these it is believed would have some 
effect, but its magnitude can only be determined by further investigation. 

A variation in the quality of the concrete may also cause a variation in 
the thermal coefficient of expansion and it will of course affect the movement 
which takes place, as the modulus of elasticity of the concrete does change 
with a change in the quality. 

2. The Effect or Expansion and Contraction of Variation in the Moisture 
Content of Concrete 
It has been definitely established that with an increase in moisture content 
there is an expansion of the concrete and with a decrease in the moisture 
content a contraction. This phenomena is apparently true for all concretes 
at all ages. 

The magnitude of this change is not definitely known but experiments by 
Bauschinger, Schumann, Tomei, Considere, Campbell, White and Gary diow: 
(1) Neat cement hardening under water expands +0.15 per cent by 
volume and the increased volume is approximately 0.08 per cent 
for a period of from 30 days to 5 years. The maximum expan- 
sion obtained at i year is nearly as great as at 5 years. 
(3) Meat cement hardening in air contracts 0.3S per cent by vtdume 

in from 16 wedcs to 5 years. 
(3) Cement-sand mortars change in like manner but to « IcMcr degree. 



Digitizcc by Google 



REPORT COMMITTEE ON CONTRACTION 









S.» „. ™L„ ™ ,-.^-;;-»|,«|n„L 


».|«. 










P'p '-l"! ^..Mj.i in 


1 






■i 




' .1, Wir™ r 




l*1''l 1 








"^'y^t, 'i 


UnA^W'' 






W 1 


kI 






™W*J ..»,■., ...rfiiin/i 


















" 'mjiiiLjm'\:_ 












' 










U^lJIat 


1 1 














































































1 ilik II 


lk...i . J ill 


J< i< 


ll 1 


1 






rfx^r- 


1 1 1 1 1 r-'T'"- 1 1 I 1 1 


1 
w 


















A 


- 


^ 
























/ 








1^__ 












w 








/ 




^ 








* — 




















/ 










*~~~ 






laSJiv 












/ 


















sAl-ab- 


*( • 


4 




















-J 








Ho, 










— 




















J , 














■ 






\ . 


^ 






£bs. 


p. . 


^ 




' 






















1 


1 












A 
















r. 


i 










/ 








U 


•^ 






KSffiS. 












-v' 


































_»- 


















r 


r- 
















U 








3:ib!^ 




_r 


r" 
















~v 


A 


^ 




IsiK::. 










































'^ 










'~ 


-- 






Hbi^ 


° 


— 


z 


^ 


— 


— 










"U 


=^ 







The Effect on Expantion ud ConlractioD of variation* io Temperature, Moiiture and 
Weather Change*, from meaiuremeati taken br the Bureau of Standard* on th» Marti* 
Turnpike. 



Digitizcc by Google 



AHD EXPANSION OF CONCRETE ROADS 



i 

s 


m 


] 


^ 


— iw^ 
. 1 1 


A- 


I 


iijk III 


ll,i..i . J ill ill 


li., jldJi 


1 


'm 


1'"' 1 1 r-T-T 1 M I 1 
IMMWilVJUMM/lMJIIlLLjnil^^ 


1 

NW 














^:s 












/• 


\ — 


1— ^- 






/ 


^ 




/ 






\' 






V 





The ESca on ExpaoMon and Contractioa of i . . _ 

and W«aili«r Change*, from mtaHiremeoa lakca bf the Bureau of Standard! od tbc 

R«ad at Naiaretb, PeBiujIvania. 



Digitizcc by Google 



RSrORT COMMITTEE ON CONTEACTION 



80 
10 

40 


;m j„l, I ™ 1 ..« M 


T ^OV 


Dec 


,,/u\»n.A/l/l. !a 






T 


,.,'. 


""F,'h,.'J 






1 






r^"u/l,^ 












TR I 






,.^ 


— . , ,„, 


M" 
































PR 


.,«T.TK^ 






, II, 




1,1 


liln . 


1^ 




i_/R 


m 


m 


4WJ 


iiWiU 


\ 


., 


















x. 














~''~-- 



















aii-isss! 



The Effect OD Expantion ■nd Coniraction of Tiriation) in Temperature, Moiiture 
and Weather ChaoKea, from meaiurerocnii taken bj the Bureau of Standard* on an 
Old Concrete Road. 



Digitizcc by Google 



AUD EXPANSIOS OF COSCRETE ROADS 

Experiments by^ the University of Michigan show the followins results: 

1. Neat cement hardening in air has an average unit linear contraction of 

— 0.00109 at 7 days 
—0.00190 at 28 days 
—0.00236 at 6 months 
—0.00270 at I year 
^0.00289 St 2 years 
—0.00322 at 4 years 

2. That neat cement that has been hardened under water for 3 jrears will 
expand o.OOi 1 per unit of length and if then exposed to air for 60 days will 
contract 0.0005 pcr unit of length less than the initial length and will therefore 
show 3 total linear contraction of 0.0016 per unit of length. 

3. That neat cements under water show a linear expansion of from 
0X1007 to 0.0015 PC' unit of length at the end of one year and after that a 
veiy ^ight additional expansion. 

4. That neat cement alternately exposed to air and water will show 
results if plotted that will form a regular saw-tooth curve. 

3. 1 :3 mortars show linear changes in the same direction as those of 
neat cement but to a lesser degree. Submei^ed bars show a linear expansion 
in the first few weeks of as much as 0.0005 P^' ^^^^ °' length but decrease 
■lightly after that and then expand later to a length greater than the maximum 
expansion of 0.0005. Bars of i :3 mortar in air shrink in length to an 
average of coooS per unit of length within 3 months. 

6. Experiments with sections of a top coat of a cement walk which had 
been laid 20 years showed that it expanded when immersed 0.0005 pcr unit 
of length and contracted the same amount when again dried. 

7. Experiments with a section of stucco two years old, from 3 brick 
house, showed a linear expansion when immersed of O.OCX>8 per unit of 
length in 4 days, and a return to its original volume when dried. 

8. Experiments with a section of cement walk in which a sample of 
both the top course and base were bound together showed that upon immer- 
sion the base reached its maximum expansion in ij minutes while it took the 
top coat 3 days to reach the same expansion. 

"This is interesting partly because of the evidence of alternate bending 
stress in the concrete due to the more rapid expansion of the lower layer and 
partly because of the ultimate agreement In expansion of the top and bottom 
portion." This cement sidewalk was in good condition after 20 years' service. 

A, T. Goldbeck of the U. S. Office of Public Roads reports experiments 
on this subject as follows: 

"The specimens used were 8 inches in cross sections and 5 feet long. 
They were molded as columns so that one end woidd be absolutely free to 
expand and contract, due to any cause. Different proportions by volume and 
different consistencies were used. The specimens of very dry consistency 
required hard tamping to consolidate the concrete in the mold, while those 
of wet consistency were made by simply puddling the mixture into place. 
The amount of water used for the dry mixtures was 8.5 per cent of the 
weight of the dry materials. For the wet mixtures from 10 to 12 per cent 
was used. The materials entering the concrete mixtures were Portland 
cement, bank sand and ^ inch crusher run gneiss. 

"The initial readings on all q>ecimens were taken as soon u the concrete 
htd hardened sufficiently to remove the moldi. 
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"The specimens which were allowed to dry out iminediatcly after molding 
began to shrink almost from the day they were made, althouKh the very wet 
mixtures for the first few days showed a tendency toward sliEht expansion, 
amounting to about .00005 i^di in the 5 feet length of specimen. 

"The rate of shrinkage of the dry mixtures is very slightly higher at 
earlier periods than that of the wet mixtures. There is, however, very little 
difference between the shrink^e of the difEerent mixtures except that the 
contraction of the wet specimens is delayed. The unit contraction of the 
oldest specimen of very dry mixture is 0.00052 at the age of 3 months, 
and the rate of contraction after this age is very small. The results further 
indicate that the approximate contraction of concrete of the proportions and 
consistencies ordinarily used is 0.0005 per unit of length at the age of 3 months. 

"The specimens which were kept moist showed expansion as long as they 
were wet. However, as soon as they dried out contraction began. The 
indications are that dry mixtures are more sensitive to expansion upon being 
moistened than are the wet mixtures. The amount of expansion is, however, 
quite small, reaching as a maximum approximately 0.0001 per unit of length. 
It will be seen that the rate of shrinkage of the moistened specimens, when 
allowed to dry out, approximates that of the air-cured specimens, so that one 
of the effects of moistening the concrete for the first few days is to delay the 
shrinkage. It is probable that ultimately the amount of contraction of both 
air and water cured specimens will be the same. A specimen, which was 
kept in a moistened condition continuously, although not expanding pro- 
gressively, showed expansion up to the last measurement." 

The results of experiments made by the Bureau of Standards show as 
follows : 



RESULTS OF TESTS OF LINEAR EXPANSION OF NEAT 
CEMENT STORED IN VARIOUS MANNERS 

Test piece (i inch by i inch by 13 inches) neat cement prisms. 



Number 

of 
Cements 


Manner 

of 
Storing 


Piece 


Change in Length 

Per Unit of 
Original Length 


6 
S 

20 

6 
■5 

4 
♦0 


In Water 
In Water 
In Water 
In Water 

In Air 
In Air 
In Air 
In Air 


30 days 
30 to 60 days 

120 days 
6 to 9 months 

30 days 
30 to 60 days 

120 days 
6 to 9 months 


+0.00095 
-(0.00105 
-(O.00113 
-(0. 00152 

-0.00150 
-0.00167 
-0.00211 
-0.00285 



It was noted that prisms which had been stored in air when placed in 
water at practically any age b^an expanding, the expansion proceeding in 
nuuiner cmilar to prism placed directly in water after molding. Similarly 
prisms stored in water contracted i^en removed and kept in air. 
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Note: — The original reading was taken <»i removal fiom damp doaet 24 
hours after molding. 

Investigations have not been extensive enough to form final condusions 
on the cficct of moisture on expansion and contraction, but the following 
statements may be made which are in part applicable to concrete roads. 

All of the tests quoted above show expansion of neat cement and of 
mortar and concrete when the samples are hardened under water. The 
results show the extent of this expansion to be greater with neat cement and 
to decrease where the addition of sand or coarse aggregate is made. 

These tests also show that neat cement mortar and concrete will contraa 
when hardened in air and that the contraction of neat cement ts the greater, 
while that of mortar or concrete varies with the amount of sand and coarse 
aggr^ate used in the mixture. 

They show that to an age of 20 years and possibly for all time, these 
changes may be looked for in concrete. 

They show that the condition which would provide for a decrease in 
moisture content when the temperature increases and an increase in the 
moisture content when the temperature decreases would be an ideal one. 

All these tests indicate that the effect of moisture content is very much 
greater than the effect of temperature change and may be sufficient to cause 
a stress in the concrete opposite to that which would be caused by a normal 
temperature change. ^ 

A variation in the quality of the concrete will cause a variation in die 
tendency to expand and contract with change in moisture content, as dense 
mixtures absorb water less lapidly than porous mixtures. 

If concrete of two qualities in a road were exposed to an equal amount 
of moisture for a short period, the more porous of the two would have a 
tendency to expand the most and would have the less strength to resist the 
stresses set up. Assuming only a slight change in temperature and that the 
frictional resistance on the sub-base was uniform, the more porous concrete 
would have to move the greater distance, higher tensile stresses would be set 
up upon drying out and it would be the more liable to crack. 

If one course work concrete of two qualities in the same slab in a road 
were similarly exposed, the same tendency would be exhibited and this may, 
in certain cases, be sufficient to cause a separation of the two concretes or may 
cause a number of small cracks. 

If in two course work the base is of a more porous concrete than the top, 
the tendency would be to have unequal expansion and contraction in the slab, 
due to different moisture content in these mixtures causing the bottom to 
move more than the top or vice versa. Also if the concrete road is subject 
to a heavy rain for a considerable length of time the bottom will be exposed 
to moisture in the ground for a longer time than the surface and the surface 
will be more or less dried due to exposure to the sun and consequently the 
top would tend to contract while the bottom would still be expanding. 

3. The Effect on Expansion and Contraction 0/ Variation in the Condition 
and the Character of the Sub-base 

The condition and chancter of the tub-base would affect the support of 
the road; the amount of moisture transmitted to and from the ctmcrete; the 
action of frott; and the friction on die bottom of the slid>. All of these 
flcton ifiect the expansion and contraction of the concrete. 
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B — Effect of Quality o» Cracking 

(5) What mixture of concrete should be used? 

The best mixture is the one which is the most dense and vriiidi will 
reduce to a minimimi the absorption of moisture, but it should also have a 
strength of at least i joo pounds per square inch at the end of 38 days. 

(6) How should the concrete be mixed? 

It should be mixed in such a way as to gjve a product of unifonn quality. 

(7) How should the concrete be placed? 

It should be placed in such a manner as to give a unifonn quality of 
concrete in place and to prevent loss of water. 

(8) How should the sub-base be treated before placing the concrete? 
The sub-base should in all cases be thoroughly wet so as to prevent 

absorption of moisture from the concrete and thus cause a rt^iid drying out 
of the concrete. 

(9) How should the concrete be cured? 

The concrete should be cured in such a way that it will retain its own 
moisture and receive sufficient additional moisture until it is strong cnoi^b 
to resist the shrinkage stresses induced by drying out. 

C — Relation of Slab Length to Cracking 

(10) What is the maximum permissible length of plain concrete slabs? 
The maximum permissible length of slabs, of similar design, on a firm 

foundation, on a light or flat grade will vary with the climatic conditions. 
In localities where there is little rainfall, as in Arizona or the San Joaquin 
Valley in California, the slab length probably should not exceed 25 feet. 
This length has been determined by an analysis of a report by A. B. Fletcher, 
State Highway Engineer of California, on the cracking of a monolithic road, 
together with a knowledge of the results of measurements obtained by the 
Bureau of Standards. 

In localities where the rainfall is intermittent and the ground water rises 
in cool seasons and lowers in warm seasons, similar to conditions which obtain 
east of the Mississippi River, the slab may vary in length from 30 feet to a 
continuous slab. While the 30 foot slab may be regarded as a minimum 
length, from economical considerations, the results of experiments indicate 
that cracks are quite likely to occur under certain conditions even in this 
length. In many cases it will be observed that even in short slabs only slight 
motion has occurred at the ends, although there has been considerable motion 
widiin the slab, which has been absorbed at points of restraint. Other factors 
affecting the length of the slab are discussed in other questions. 

(11) Does the length of die slab affect longitudinal cracking? 

The data available to the Committee would indicate that the length of 
the slab for the same sub-soil conditions does not affect longitudinal cracking. 
It is, however, interesting to note that in a report by A. N. Johnson, State 
Highway Engineer of Illinois, is to be found a statement that in roads con- 
structed by him in 1912 with a total length of 2.3 miles he ffnds 9.1 slabs 
ter mile, cracked longitudinally, transverse joints being spaced fitnn fif^r n 
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of F. F. Rogers, State Highway Commissioner of Michigan, on the Warne 
County Roads, shows that on roads constructed in 1912 widi a total of 9.6 
miles, 9-5 slabs per mile cracked longitudinally, transverse joints being spaced 
twenty-five feet apart on roads £fteen and sixteen feet in width. See 
table No. i. 

(12) Is it necessary to vary the length of the slab for concretes of 
different qualities? 

The length of slab should vary with the quality of the concrete. In a 
short time a denser concrete will absorb less moisture and consequently will 
have less tendency to move; it will also have greater strength to resist stresses 
induced by restraint of the sub-base. A dense concrete is particularly of 
value where subjected to intermittent wetting and drying. In a dry dimatt 
where plenty of water is not available for curing, the slab length should not 
exceed twenty feet. 

(13) Should the length of the slab be the same for all sub-soil condi- 
tions? 

The length of the slab should not be the same for all sub-soil conditions. 
If the sub-soil is of unstable material the length of the slab must be shorter 
than for a condition in which the sub-soil is stable. 

{14) Is it necessary to vary the length of the slab with a variation in 
the character of the sub-base? 

If there is a distinct variation along the length of the road in the materials 
of which the sub-base is constructed a joint should be placed where the change 
takes place. This is necessary because of the change in the frictional restraint 
offered by different materials and also because of the difference in the porosis 
which changes the moisture conditions. 

(15) Is it necessary to vary the length of the slab with a variation in 
the condition of the sub-grade? 

The length of the slab should vary with the condition of the sub-grade. 
If the sub-grade could be made very smooth so that a more or less uniform 
frictional resistance would be obtained throughout the length of the slab, it 
would perhaps be the most desirable condition, but as this is not obtainable 
it is believed that a more or less uniformly rough sub-grade is preferable to 
a so-called "smooth" sub-grade. This is explained by the fact that the rough 
sub-grade will make each small section in the slab care for its proportionate 
share of the stress induced by frictional restraint, while if the sub-grade is 
so-called "smooth" there will be rough places in it at intervals which will 
place upon certain sections undue stresses, which therefore will be more liable 
to cause cracks. If there is any decided change along the length of the road 
in the condition of smoothness of the sub-grade a joint should be placed at 
the point where this change occurs. 

If the sub-grade is so-called "smooth" on a steep grade, the permissible 
length of slab would not be as long as on a light grade, there being a tendency 
to slide down hill and thus add additional stress to that imposed by moisture 
and temperate change. 

(16) Is the length of the slab dependent upon the grade of the road? 
If the grade is steep the slab should be shorter in length than that used 

on a flat grade. A joint should be placed at all decided (Ganges in giad& 
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(17) Is it necessary to vaty die length of the slab with climatic condi- 
tions? 

See reply to Question 10. 

(18) Is it necessary to vary the length of the slab with the season when 
constructed ? 

It would appear that the slabs could be made longer if constructed during 
the fall or winter, in localities where not subjected to freezing, dian if con- 
stnicted in either the ^nng or summer, although there is not sufficient data 
available to determine whether this would permit of an appredable change 
in length. 

Conditions indicate that concrete laid in the fall is probably not subjected 
to stress as much during the first few months, since the tendency to increase 
in length due to moisture is counteracted by the tendency to decrease in 
length due to temperature. 

( 19} Is it necessary to vary the length of the slab if a bituminous carpet 
covering is applied? 

The experimental results indicate that there was greater movement of 
the concrete covered with a bituminous carpet than with concrete uncovered. 
If, upon further investigation, this condition is found to hold true the slab 
Icngdi would probably have to be varied. The reason for the greater move- 
ment noted is probably to be explained by the fact that a dark surface absorbs 
more sun heat and the bituminous coating holds for a longer period any 
moisture which gets beneath it. 

(30) May the length of the slab be made greater for a greater thickness 
of slab? 

The length of the slab may be made greater for a greater thickness of slab. 
The increased friction caused by increased weight is proportionately less than 
the increased ability of the concrete to resist stress. Sufficient data are not 
available to give a relative figure. 

(21) Should the length of slab be different for different traffic condi- 
tions? 

It is not believed that traffic need be considered in determining the length 
of the slab. 

(2a) Does the type of joint affect the length of slab? 

There would tend to be a greater movement in a wide or elastic joint 
than in a narrow or unclastic one and since cracking occun during contraction 
there would be less movement with a tight joint ; a tight joint therefore^ would 
permit of a longer slab. It is not known, however, that this factor is suffi- 
ciently appreciable to be considered in determining the length of the slab. 
D — Relation of Cross Section of Slah to Cracking 

(23) What is the relative likelihood of longitudinal cracking in slabs of 
different design but of uniform cross section ? 

A concrete road laid on a crowned sub-base would be the most liable to 
crack longitudinally and on a dished sub-base the least liable to crack. The 
resistance offered to contraction of a slab with a crowned sub-base is greater 
than that offered by either a dished or flat sub-base, because the concrete must 
move against the effea of gravity. Widi the dished sub-^use the concrete 
ooatracts with the effect of gravity and therefore ia stressed the least. 
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(24) WhM is the relative likelihood of longitudinal crackinE in slabs 
of different design but of non-uniform cross section ? 

The cross section having the greatest thickness at the center with a dished 
sub-base would offer the greatest resistance to longitudinal cracking; the 
cross section having the least thickness at the center with a crowned tub-base 
would offer the least resistance to longitudinal cracking. 

(25) Docs the width of the slab affect transverse cracking? 

It is not believed that transverse cracks are in any way affected by the 
width of the slab. The data available to the committee would indicate that 
the width of the slab for the same sub-soii conditions does not affect trans- 
verse cracking. 

(26) Is it necessary to vary the design of the cross section of the slab 
with the relative position of the longitudinal drain ? 

The slab should have its greatest thickness at the center no matter where 
the longitudinal drain is placed. 

(27) Is it necessary to vary the design of the cross section of the slab 
with sub-soil conditions? 

Over an unstable sub-soil the slab should be made of greater thickness 
throughout the width than over a stable sub-soil, with the greatest Sickness 
at the center. 

(28) Is it necessary to vary the design of the cross section of a slab 
with the condition of the sub-grade? 

No. 

(29) What is the preferable design of cross sections for different climatic 
conditions ? 

The dished is the preferable design under all climatic conditions, espe- 
cially in arid regions. 

(30) Is it necessary to vary the cross section of a slab with the season 
when constructed? 

The dished sub-base is the preferable cross section for all seasons and 
especially so if the concrete is laid during the dry season. 

(31) What should be the relation between the thickness at the center 
and the width of the concrete road? 

The wider the road the thicker should be the slab. 

(32) Is it necessary to vary the design of the cross section with the 
length of the slab? 

No. 

(33) Is it necessary to vary the design of the cross section widi the 
traffic conditions? 

A concrete road which roust withstand heavy and concentrated traffic 
must be made thicker than for light traffic. 

E — The Value of Reinforcement in Preventing Cracking 

(34) When should reinforcement be used? 
Reinforcement will be of value 

(a) When the foundations are unceruin ; 

(b) In regions where there is little rainfall and long or wide sl^ 
are desired; 
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(c) In regions where there is insufficient water for curing; 

(d) When it is necessary to have a thin slab; 

(e) When a decided change in grade occurs; 

(f) When the movement of the concrete is restrained at street inter- 
sections or on curves, if joints cannot be placed properly; 

(g) When the width of the slab is greater than 25 feet ; 

(h) When it is necessary to crown the sub-grade and the slab can 
not be made thicker at the crown than at the sides. 

(35) What type of reinforcement should be used? 

Only fabricated steel should be used and that form which will give the 
greatest distribution. 

(36) How much reinforcement should be used? 

The quantity of reinforcement can only be determined by an analysis of 
the conditions affecting each specific case. 

(37) What is the proper position of the reinforcement in die slab? 

If uncertain sub-soil conditions tend to cause a settlement on the sides 
of the road, which is the most common condition, the reinforcement should 
be near the top. If settlement is apt to occur within the center of the slab 
the reinforcement should be placed near the bottom, and where the whole 
of the sub-base is uncertain the reinforcement should be placed near both top 
and bottom. 

Reinforcement to resist stresses due to temperature and moisture changes 
should be placed near the bottom of the slab. The stresses set up by a change 
in temperature are insignificant, except in arid regions, compared with those 
set up by moisture changes, and ordinarily reinforcement to provide for tem- 
perature stresses is unnecessary. 

(38) What is the maximum permissible length of reinforced slab? 
Your Committee can give no definite answer to this question. The slab 

length may be anywhere from 20 feet to continuous depending upon the 
many elements entering into the problem. 

(39) What is the maximum permissible width of reinforced slab? 
The widest pavement without cracks within our knowledge is 40 feet. 

It is probable wider pavement can be constructed. 

(40) May the slab be made thinner if reinforcement is used? 

It would appear that if properly designed a thinner slab may be used if 
reinforced. Definite information, however, is lacking to exactly determine 
this fact. 

(41) Do the conditions of construction affecting cracking apply to plain 
concrete slabs as well as to reinforced slabs? 

Yes. 

F—Tkt Effect of Joints on Crackiag 

(43) What is the purpose of joints? 

The purpose of joints is to relieve the stress which might be induced by 
a volumetric change in the concrete caused by change in moisture content or 
tcmperatuies and to care for uninble foundation conditions. The Committee 
baa no evidence of die failure of slabs in concrete roads due to buckling, 
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crushing or spalling and therefore consider the joint as primarily for die 
purpose of taking care of contraction. 

(43) What is the objection to the construction of a concrete road witli- 
out joints? 

If a concrete road is constructed without considering the aJiFecting factors, 
with the idea that nature will provide cracks, it will crack, but before doing 
so it will cause a weakening of the concrete for some distance on each side, 
which may result in a partial disintegration of the road. This is evidenced 
by short forked cracks appearing running off from the main crack. The 
cracks thus formed will gradually lengthen with time and will not only be 
irregular in alignment but they will not be vertical. 

(44) Does the width of the joint affect cracking? 

The width of the joint controls the longitudinal movement of the slab. 
A greater width will allow of greater movement, consequently the slab will 
be more liable to crack upon contracting. 

(45) What is the proper width of joint? 

A joint should be constructed as a contraction joint with little or no room 
provided for expansion, as all stresses in the concrete caused by expansion 
arc compressive and may be absorbed by the concrete ; later, upon contraction 
there will be little movement and therefore only small tensile stresses will 
be induced and there will be less liability of cracking. 

(46) Should the width of the joint vary with the length of the slab? 
No. Experimental results show that only the movements occurring near 

the ends of the slab are usually transmitted to the joints. 

(47) What is the effect of the filler used? 

A filler should not be too elastic to comply with the conditions set forth 
in answer to Question 44. 

(48) What should be the position of the joint relative to the length of 
die road? 

There arc no available data to show the difference in effect of dii^onal 
and square joints on expansion and contraction. Any joint, however, should 
be perpendicular so as to give proper bearing between adjoining slabs when 
they expand. 

(49) Is it necessary to provide a longitudinal joint between road and 
adjoining structure? 

It is if the adjoining structure is rough and will cause longitudinal 
restraint or if the abutting structure will not offer sufficient resistance to 
prevent being pushed out of place. 

(so) Should joints be placed at street intersections and on curves in a 
country highway? 

Joints should be placed at street intersections and at sharp curves so is 
to allow of free movement, wherever the concrete is restrained. 

G — The Effect of Character and Condition of Sub-base on Cracking 
(51) Is it desirable to have the sub-grade smooth or rou^? 
A rou^ sub-grade is preferable since a verj* ^n*"^*'' '■iK-CT'de is inqirtc- 
ioAle to nnn«tn"* (.'5-*^ reply *" OiieW*"* i.. 
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(52) Is it desirable to have the sub-base impervious? 

The sub-base should be very dense but not entirely impervious. Where 
a rich mixture is used in the construction of a road it would tend to dry out 
unduly, causing excessive contraction. If a smooth sub-grade could be pro- 
vided so that the friction would be reduced to a minimum it might be desirable 
to have an impervious sub-base, but this condition is very difficult to obtain. 

(53) Is it desirable to have the sub-base thoroughly compacted? 

It is desirable to have the sub-base uniiormly and thoroughly compacted 
so as to prevent uneven settlement. 

(54) Is it desirable to have the sub-base flat, curved or dished? 
The sub-base should be dished. 

(55) Is it desirable to have the sub-grade roughened on a steep grade? 
It would be desirable to have the sub-grade roughened on a ste^ lon^- 

tudinal grade. 

Ill— SUGGESTIONS FOR FURTHER INVESTIGATION 

In collating this report your Committee found a lack of reliable informa- 
tion necessary to a complete analysis of this subject and would therefore 
suggest the following problems for investigation: 

(t) The determination of the friction of a concrete slab on different 
materials and under different conditions of the sub-base. 

(z) A more accurate determination of the modulus of elasticity of con- 
crete in tension and compression. 

(3) The determination of the variation in the coefficient of expansion 
of concrete when under stress. 

(4) The determination of the expansion of green concrete due to the 
chemical action of the cement during setting. 

(5) A more accurate determination of the coefficient of expansicm of 
different mixtures of concrete. 

(6) The determination of the effect of change of moisture content in 
concrete when under stress. 

(7} The determination of the bond between steel reinforcement and 
concrete when the concrete expands or contracts due to change in moisture 
content. 

(8) The determination of the bond between steel reinforcement and 
concrete when the concrete expands or contracts due to change in temperature. 

(9) The determination of the absorption of heat by concrete uncovered 
and covered with a bituminous carpet. 

(10) The determination of the effect of continual alternate expansion 
and contraction of unrestrained and restrained concrete. 

(11) The determination of the permanent set resulting in wet and dry 
concrete under various tensile and compressive stresses. 

In conclusion, your Committee believes that it has been fully established 
that the change in moisture content of the concrete is of much greater 
moment than the change in temperature under normal exposure; and that 
a proper combination of change in temperature, change in moisture content 
and friction have made pomble the construction of Itmg aUba whidi have 
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remained free from cracks; while under an unfavorable combination of these 
factors which is to be found in certain localities, long slabs have invariably 
cracked. With a proper understanding of the physical phenomena which 
are recommended for investigation and with a proper application of engineer- 
ing principles by competent highway engineers, it is believed by your Com- 
mittee that all expansion and contraction of concrete in roads can be $o 
controlled as to permanently avoid cracking. 



DISCUSSION 



Mr. Wig: — The report is divided into three main parts. The first part 
takes up the causes of expansion of concrete roads; the second covers the 
application of present knowledge to the prevention of cracks in concrete roads; 
and the third contains suggestions for further investigation. 

It is necessary that we properly design concrete roads to insure freedom 
from cracks. There are a great many factors afiecting the expansion and con- 
traction of concrete roads and the committee has considered these factors in 
accordance with the available data. 

Some points in the report are of exceptional importance. T^e question, 
"Should the length of the slab be the same for all sub-soil conditions," is of 
special importance. Your committee believes that the length of the slab 
^ould not be the same for all sub-soil conditions. If the sub-soil is of an 
unstable character, the length of the slab should be shorter than under a 
condition in which the sub-soil is stable. 

The reply of the committee to the question, "Is it necessary to vary the 
length of the slab with a variation in the condition of the sub-grade," is unique 
in that it suggests a change in present practice. Observations upon the 
points in question were made on Morris Turnpike in New Village, New 
Jersey, where the slab on a grade of about j per cent slid a considerable 
distance. 

Relative to the question, "Is it necessary to vary the length of the slab 
with climatic conditions," the committee wishes to call attention to what 
may seem a very unusual condition, namely: That we get the maximum 
contraction in a concrete road when we get our highest temperature, during 
August and the summer months. It seems that concrete has its maximum 
expansion in the road during April, when we have the greatest amount of 
moisture. The concrete expands from August to April and contracts from 
April to August, the maximum contraction being at the highest temperature, 
indicating that the change due to moisture conditions is very much greater 
than the change due to variations of temperature. 

Relative to the type of reinforcement to be used, the committee is of the 
opinion that there are a good many reasons why rods should not be used. 
Rods are of very little value. Only fabricated steel is recommended. 

The width of joint in a pavement is another question of importance. 
Joints should be constructed as contraction joints and should provide little 
or no room for expansion. There is evidence that the movement in a 30- 
foot slab is often taken up before the joints are reached and the joints m^ 
not move at all. This suggests a change from common practice. 

Mr. Spackman : — ^As indicated by the Report of Committee I, the diange 
in volume of hardened concrete, through variation in temperature or water 
content, has been subject to considerable investigation. The t 
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contraction due to temperature changes has been recognized and studied for 
a number of years and a working cocllicient for temperature changes devel- 
oped. The recognition of the effect of the variation in moisture content on 
the volume of concrete is of a more recent date, but sufficient work has been 
done to demonstrate that hardened concrete follows the same general law of 
expansion and contraction through changes in moisture content as wood, but 
as yet we have not sufficient data to calculate the extent of the movement 
under varying conditions of moisture content. 

It is not generally recognized, however, that concrete, before set or 
hardening takes place, is subject to marked shrinkage through reduction in 
moisture content. When we consider that during the first 24 hours, concrete 
has little or no strength, that its modulus of elasticity is nil and that the 
cohesion is small, it is evident that slight shrinkage must result in the forma- 
tion of cracks, which, even though they be so small as to be scarcely visible 
to the eye, are a source of weakness. Such being the case, the importance of 
preventing shrinkage, during the period prior to hardening, becomes evident. 
The tendency to such shrinkage is partially indicated by Figures 4, 5 and 6 
which throw some light on the subject. In each of these figures, the solid line 
shows the average expansion and contraction obtained from two or more test 
pieces made from 1 part cement to 3 parts gravel under the different con- 
ditions of exposure indicated. A marked contraction is shown by the test 
pieces at the 24 hour period from the original length of the specimen as 
ascertained by measurements made 4 hours after casting. When it is 
recognized that test pieces were cast in tight wooden molds, offering little op- 
portunity for escape of the surplus water, and that the molds were thoroughly 
soaked and oiled to prevent absorption, that the test pieces were largely pro- 
tected from evaporation and that the mortar was a lean one, being i part 
cement and 3 parts sand, it becomes evident that when concrete made from a 
mortar of l part cement and lyi parts sand is placed in actual road construc- 
tion with opportunity for the water to flow off or be sucked up by the sub- 
grade, that much greater contraction is to be expected. This cannot but result 
in the forming of either more or less widely separated cracks of considerable 
size, or numerous small ones which, while not so noticeable, form lines of 
weakness, breaking the continuity of the slab and reducing the resistance to 
future stress. 

The curves of Figures 4, 5 and 6 were plotted from the direct reading 
of the micrometer and indicate the contraction or expansion due to variation 
in moisture content in the test pieces; the variation due to temperature 
changes being practically equalized by bringing the micrometer as closely 
as possible to the temperature of the specimen measured. 

Figure 7 shows the contraction and expansion of test pieces exposed out 
of doors due to the combined effects of variation in moisture content and 
temperature; the original measurements being corrected for the effect of 
temperature change on the length of the steel micrometer bar. 

It is reasonable to suppose that until setting action begins, the shrinkage 
of cement mortars, due to drying out, will be found to follow the same 
general laws as govern the shrinkage of days. If this is so, the sand particles 
and the cement particles are surrounded on all sides by a film of water, while 
small pools or drops fill the pores between the grains. When water is added 
in excess of the amount required to fill the voids, the mortar will not hold 
its form, but will flow. Afterward when it comes to rest, a portion of tbe 
water it forced from the mait Anni^ aettUnient and Sows off hy gnvitr. A 
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system of capillaries is established through which evaporation begins to take 
place and water is removed from the surface to be replaced by water, i^icli 
finds its way from the interior. The rapidity of this movement depends upon 
die structure, whether the capillaries are fine and intricate or coarse and 
short. Open structure results in the maximum capillary flow, while close 
structure reduces the speed of drying. Since sponge-like colloidal matter 
with its immense surface and fine pores oflers the greatest resistance to 
passage of water, it is obvious that the addition of finely divided colloidal 
material, such as hydrated lime, will greatly retard the flow of water whether 
due to gravity or evaporation, and gives opportunity for the mortar to obtain 
sufficient strength to resist die strains set up by shrinkage. This is indi- 
cated by the curves of the test pieces of Figures 4, 5 and 6 to which hydrated 
lime was added. 

Mr. Gillette: — I want to call your attention to the progressive expan- 
sion oi materials due to temperature. We have listened to a discussion of 
prt^ressive expansion due to moisture. It is a well-known fact that the same 
phenomenon occurs with many materials, due to changes in temperature. A 
number of years ago experiments were made in cast iron, a substance which 
you would think would not change permanendy because of changes and 
variations in temperature. Yet the cast iron continually grew. Each addition 
of temperature seemed to add a little to its length, and it never shrank back to 
its actual diameter, becoming progressively longer and progressively greater 
in diameter. This same phenomenon, I am satisfied, appears in concrete and 
I suggest it as a field for experiment. 

Mr. Wig; — Laboratory tests should be very cautiously considered, as 
there arc many factors in practice that are not covered in laboratory tests. 

Mr. Spackman's experiments bring out many points coinciding with the 
Bureau of Standards, except the one of contraction of concrete during die 
first few hours. One point I wish to make in regard to expansion in tlie 
early stages is that often the heat developed by the cement is sufficient to cause 
some slight expansion of the concrete. Bituminous covered slabs show a 
greater modification than slabs that are not covered with bitumen. In 
averaging up the expansion we find the minimum expansion at a point where 
we get the lowest temperature and the greatest contraction where we get the 
highest temperature. 
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The expansion joint should fulfiU the following conditions : 
(i) It should be located at the proper spacing — experience points to 
a distance of 2$ to 30 feet when the pavement is not reinforced. 

(2) It should be designed of sufficient thickness and depth to withstand 
the traffic 

(3) Metal should be bard enough to withstand abrasion but should not 
be brittle. 

(4) The expansion joint protector should Ik simply installed. 

(5) It should provide a strong bond with the load slab. 

(6) The filler between the protectors should be plastic to permit expan- 
sion and contraction, and keep out grit and water. Both plastic a^haltum 
and tar felt paper are used with satisfaction. 

(7) The protector should be as inexpensive as consistent with good 
service. 

The subject of expansion joints for concrete pavements resolves itself into 
three divisions, namely, Location, Types and Maintenance. 

LOCATION 

When concrete pavement abuts curbing, all authorities, so far as we 
know, agree that there should be a joint filled with an elastic matcnsl per- 
mitting expansion in this direction, but there has been considerable diversity 
of opinion regarding the necessity of joints across the pavement, and if joints 
are used, just how far apart they should be. 

There is unity of opinion that exceedingly long slabs without reinforce- 
ment will crack due to tensile stresses caused 1^ fall in temperature or 
changed moisture, while there is again diversity of opinion as to whether the 
pavement without joints will buckle upon expansion due to increasing 
temperature. 

REFERENCES 

To obtain actual data on the foregoing, the U. S. Office of Public Roada, 
during the fall of 1912, under the direction of Hon. Logan Waller P^e, 
built an experimental highway of concrete without expansion joints, using 
different aggregates and mixtures. Various reports on these experiments are 
found in the Engineering Record, June 28, 1913, and July 19, 1913. 

The construction of this road, which was buitt at Qievy Chase, Md., 
wu in diarge of Mr. James T. Voshetl, Highway Engineer, and the nic- 
cccding experiment* oa coatrsction and expamion were conducted Iqr Mr. 
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A. T. Goldbeck, Testing Engineer, both of the Office of Public Roads at 
Washington, D. C. More ^wdfic infoimation can probably be obtained 
from these men by direct correspondence than from the various oiagazine 
articles on the experiment. 

As early as May, 1913, results of some expanuon were noticed as stated 
as follows in the Engineering Record June 28, I9i3i page 720: 

"Until early in May there had been a range of temperature of about 90 
degrees, and as the advancing warmer weather increased the expansion a 
vertical and horizontal displacement of about 3^ inch was noticed at the 
juncture of the cement-concrete road with the section of bituminous oon< 
Crete. Thb is the only evidence of failure due to lack of expansion joints 
in the mile of roadway." 

Mr. A. N. Johnson, in the Fourth Report of the Illinois Highway 
Commissioners, igiQ-12, page 83, after stating his reason for believing that 
joints may be spaced even farther than 50 feet apart with safety, continues, 
saying : 

"The advant:^ of making the cracks beforehand is that their edges may 
be properly protected from traffic It will be realized at the outset diat the 
expansion joints constitute the weak points in the pavement, and that there 
should be as few of them as possible." 

If a concrete pavement is laid without expansion joints, it mi^t pass the 
first season without any serious consequences from buckling, as the cracks 
that are formed by the low temperature might not become sufficiently filled 
with incompressible material, but cracks afford some relief as the pave- 
ment expands under subsequent temperature rise. But as time goes on the 
cracks will become more and more filled with grit, become more nearly 
incompressible, so that in no very long time they will cease to be expan^ve 
and to afford any opportunity for movement of the pavement, which move- 
ment must then be taken up by deforming the concrete; and the stresses that 
will be induced by such deformation are beyond what is to be expected a 
thin slab can stand without buckling. 

Mr. A. N. Johnson is quoted as follows, page 83, Fourth Annual Report: 

"If the formation of cracks in a haphazard way is to be prevented, it will 
be necessary to provide joints close enough together that there will be 
sufficient strength in the concrete to drag yi its length between joints. 

"If expansion joints are placed from 40 to 50 feet apart, and on the 
assumption that the coefficient of friction of the pavement with the sub-soil 
is one, the tensile strength to be exerted as the pavement shortens under low 
temperature will be 20 to 25 pounds per square inch. While this is not too 
high an allowance for the tensile strength of concrete of the type recom- 
mended for concrete roads, it is evident that whether such a stress or greater 
one is exerted, depends entirely upon what is the coefficient of friction. How- 
ever, there is every evidence to suppose that joints may be placed even farther 
apart than 50 feet with entire safety." 

Hon. Frank Rogers, State Highway Commission, Michigan, page 708, 
Canadian Engineer, Nov. 15th, 1913: 

"The writer does not believe that it is necessary to place expansion joints 
as close together as 25 feet. On three pieces of work constructed under his 
supervision in 1912, totaling 2.3 miles, none of the sections was less than 50 
feet in length, many being 60 and 75 feet, and one or two as long as 100 
feet. The number of crai^ per mile in these roads at present is: Transverse 
cracks, 9.1 ; longitudinal cracks, 9.1 or 18.3 cracb per mile. The total 
number of cracks in the 191a work on die Wayne Count? Roadi, uiing 
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25-foot sections, is 19.1. It will be necessary to have much more dati before 
it can be definitely concluded as to how frequent the joints should be; but 
from the observations that have been made it seems that the joints may be 
made further apart than 50 feet rather than nearer together," 

Mr. George W. Cooley, in his report to the State Highway Commis- 
sion, Minnesota, June 28, 1912, pages 6 and 7, says: 

"Upon our return from Detroit, examinations were made of concrete 
pavements in the city of Chicago. There is considerable of 3-coat work 
in the residence districts, which were laid under the Blomc Specification, 
and which have proven satisfactory, although they are cracked in a number 
of places. Some of these roadways were built with expansion joints 60 and 
70 feet apart, and in such instances the cracks were more numerous. 

"During our tour of inspeaion, I consulted with engineers and superin- 
tendents on this class of work and the consensus of opinion seems to be that 
for ordinary rural trafEc a 6-inch thickness of ftrst-dass concrete, either with 
or without protection for expansion joints, and in sections about 35 feet long, 
is the proper style to construct on a width of 8 or 9 feet." 

In the Seventh Annual Report of the Wayne County Commission is 
recorded a table giving the number of cracks in Wayne County Pavements. 
This data will probably be of interest as relating to the proper spacing of 
joints. 

Several thousand yards of concrete pavements were laid in Mitchell, South 
Dakota, during the fait of 1912. These pavements were built in sections 
12 feet 6 inches long and continuous across the width of pavement, which 
was 42 and 56 feet. Every second joint has a width of ^ inch filled with 
asphalt ; the intervening joints have no width and afford protection only from 
contraction. 

The Board of County Road Commissioners of Wayne County, Mich., 
in the beginning adapted a spacing of 25 feet for expansion joints and have 
maintained the practice on all their 82 miles of road with the exception of 450 
feet on the Michigan Avenue Road which was opened to traffic Sept. i, 1913. 
This stretch was laid in two sections, 150 and 300 feet in length, as an 
experiment to determine effects of the various forces to which the pavement 
is subjected. Reference to this experiment is found on page 13 of the Seventh 
Annual Report. 

On Sept. 24, 3j^ weeks after the opening of this road, an inspection of 
these sections was made by a representative of the Universal Portland Cement 
Co., who reported that cracks had developed at the following intervals: 

One-hundred-and-fifty-foot section — 13, 22, 18, 28, 27, 22 and 21 feet. 

Three-hundred-foot section — 22, 23, 45, 67 and 78 feet. 

This inspection was made at a later date than that recorded in the 
Seventh Annual Report, and therefore should be taken as a supplementary 
statement. 

These cracks weir due to stresses developed in the concrete while harden* 
ing, and represent a condition which should be a factor worth consideration 
when selecting the proper spacing of joints, and yet it seems to be omitted 
entirely from the foregoing quoted discussion. 

On July 19th, 1913, a representative of the Universal Portland Cement 
Co. made an inspection of the concrete pavement on Warsaw Street, Toledo, 
Ohio. This report states that expansion joints were omitted from the 
pavement North of Dexter Street and that in consequence several cracka 
have developed. At some of these cracks it is stated that the concrete is 
cnuhed to a diatgnce of 4 inches from the crack «id diere wn on this dite 
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vertical displacement of from ^ to I inch of the slab on one side 
of each of the cracks. The most conspicuous of these failures is reported 
as follows: "North of Park Street there are no joints permitting of ex- 
pansion for a stretch of 250 feet. At that point there is a crack whidi is 
broken out to a width of 4 inches in places, the concrete being apparently 
crushed. The slab on one side of the crack has overridden the odier, thus 
causing a vertical displacement of I inch." 

These investigations and the foregoing data would seem to indicate: 
That concrete contracts upon hardening, causing stresses which result in cracks 
forming at various intervals but indicating that nature is favorable u a 
spacing of from 20 to 30 feet. That transverse stresses may be developed 
from contraction or expansion over uneven surfaces, also from heaving or 
settling of foundation. That concrete in long slabs may exert forces result- 
ing in crushing of the concrete and vertical displacement of surface. 

The Seventh Annual Report of the Board of County Road Commis- 
sioners of Wayne County to the Board of Supervisors of Wajfne Coimty, 
dated September 30, 1913, reports the following: 

"The only serious objection that has to date been advanced against the 
construction of concrete roads is the development of cracks. We do not 
consider this a material objection, and believe that the formation of cracks 
can be minimized by careful workmanship, a well prepared subgrade and 
proper drain^e. We believe the difficulty can be practically eliminated 
by reinforcing with mesh wire or other suitable material. This entails 
an additional cost of from lo cents to 12 cents per square yard. We have 
not gone to this extra expense, as we feel that by tilling whatever cracks 
develop with Tarvia X applied hot and covered with coarse sand, we pre- 
vent wear and obtain a smooth, even surface. To date this has been done 
at a less cost annually than the interest on the reinforcing cost at 4 per cent 
would amount to. 

"The first roads built by us have developed by far the largest number of 
cracks, and caused us to change our specifications to those now in use. We 
have carefully counted the cracks on over 45 miles of concrete roads built 
previous to January ist, 1913. Every break was counted as cither a trans- 
verse or longitudinal crack, irrespective of whether it extended the entire 
width or length of the slab or only extended a foot. Diagonal cracks were 
counted for the most part in the longitudinal column. Such cracking as 
develops usually shows within the first year, and we propose making a yearly 
count to determine to what extent if at all the cracking continues after that 
time. All roads are put down in 25-foot sections with a transverse metal 
protection joint. No longitudinal joints are used. 
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Ycir Ciuki S-loot Daleol 

Ro*d Bnilt Tram. Lon(. Scclioni Coanl Coarac 

Woodward 1909 34 80 211 Aug. 23 2 

Woodward 1910 22 34 254 " 23 2 

Gratiot 191 1 »3 '2 326 " 33 1 

Mt. Elliott 1910 22 3 172 " 23 2 

Mt. Elliott 1911-12 IS I 186 " 23 I 

Grand River 1909 2 14 64 " 23 2 

•Grand River 1910 49 59 342 " 23 2 

Grand River 1911-12 66 96 1,748 " 24 1 

Fort 1912 28 2 453 " 24 I 

Van Dyke 1910 11 14 211 " 24 2 

Van Dyke 1911-12 9 15 2S4 " 24 i 

Jefferson 1912 6 31 346 " 24 i 

tMichigan 1910 52 240 479 Sept. i i 

Michigan 1911-12 122 287 3,071 "11 

River 1910 5 55 I49 " i i 

*Rivcr 1911-12 34 213 855 " I 1 

"Buiit by Owosso Construction Company. 

tThis section of Michigan Avenue Road is built partially on the old road- 
bed, and partially on a fill which is re^ionstble for the large number 
of cracks developed. 

fTaken from count made by State Highway Department. 

EXPERIMENT IN THE ELIMINATION OF JOINTS 

"On the far end of Michigan Avenue Road 2 sections of concrete 16 
feet wide were constructed without expansion joints, one 400 feet long and 
the other 150 feet long. Both sections were opened for traffic September 
1st, having been kept closed for over 3 weeks after construction. Trans- 
verse cracks have already developed; the 400-foot section shows 5, and the 
150-foot section, 6 cracks. From this and previous experiences we believe 
it to be the better practice to make the cracks when building the road SO 
that the edges be properly protected from traffic. For this purpose we use 
steel joints manufactured for work of this nature, and cut to fit the crown 
of the road." 

From Specifications for Concrete Pavements of Board of County Road 
Commissioners of Wayne County, Michigan: 

EXPANSION JOINTS 

"To allow for expansion the pavement shall be built in sections 23 
feet in length, and at each end of each section a soft steel plate 3/16 of 
an inch thick, extending the entire width and depth of the road, shall be 
imbedded in the concrete and fastened to the section by projections from 
the steel or in some other manner satisfactory to the Board. It is hereby 
expressly stipulated that the joints furnished by the R. D. Baker Com- 
pany, Home Bank Bldg., Detroit, will be satisfactory. Between these sec- 
tions, cutting the entire depth of tjie concrete, shall be placed an asphslted 
felt, about ^ of an inch thick. 

"Special care must be exercised to have the e^ansion plates flush with 
the surface of the road so that there will be neither an elevation nor ■ 
dcprewion at the joiat" 
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TYPES 

When building the older concrete pavements, the tendency was towards 
wide, unprotected expansion joints at intervals, with the intervening slabs 
cut into smaller slabs of from 6 to 9 feet square. The small squares were 
the 6rst to be eliminated and then the width of the joints began to decrease. 

This type of joint was used universally until about 3 years ago and 
is to some extent used now on pavements having light trafRc The method 
of construction is as follows: A plank, preferably bevelled sheet siding, 
bevelled cast iron or smooth steel plates, is oiled and set up as a bulkhead 
at the joint line. After the concrete has been deposited, finished and edged 
along each side of the bulkhead it is withdrawn; afterwards the space is 
filled with an asphaltic compound which does not flow under summer tent- 
peratures or become brittle and chip out in cold weather. 

Originally this joint had a width of i inch or greater, now it is 
conceded that J^ to ^ inch is sufficient on slabs having a length of from 
35 to 50 feet. This joint has not given any great success. Whether this 
is due to the fact that they are not kept filled is a question; but since it 
is a fact that they are not giving complete satisfaction and that they are some- 
what objectionable in appearance, those interested in the improvement of the 
concrete pavement have developed other types of joints. 

The first development to eliminate wearing of joints was naturally in 
the form of steel protection, and on Woodward Ave. Road, Wayne Co., 
during the summer of 1909 a section of pavement was laid having 2 
angle irons laid back to back, ^ of an inch apart, and bonded to the 
concrete with projecting bolts. The upper leg of the angle lying on the 
surface was found to be objectionable because it did not wear at the same 
rate as the concrete. The second advance was made by Mr. R. D. Baker 
of Detroit, who designed and made some plates used on the Wayne roads 
during the year 1910. These plates were of 3/16-inch by 3-inch soft steel 
with bonding arms yi inch by 6 inches, sheared from the center of the plate 
at i-foot intervals and bent outward at right angles. The plates were bent 
to the crown of the road and damped between them were three strips of 
i^-inch by 6-inch tarred felt. The section after assembling was staked 
in position across the road. It was found, however, that the section was 
not of sufficient stiffness to hold it in true line with the pressure of concrete 
on one side only. This led Mr. Baker to design an installing device; and 
later the steel section was made of two ^-inch by 2-inch plates. This 
joint was so satisfactory that it has been used on all of the Wayne County 
road work in the last three years. Complete information may be had on 
this plate and device by writing the R. D. Baker Co., Detroit, Mich. A 
report on the experiments with the steel protection plates and the subsequent 
adoption is found on page 4, Fifth Annual Report, and page 58, Sixth Annual 
Report of the Board of County Road Commissioners of Wayne County, 
Michigan. 

The Trussed Concrete Steel Co., of Detroit, Mich., have patented a 
plate. It is called an armor plate. The depth of plate is 2}^ inches; the 
thickness of the body full heavy J^ inch ; anchors are pundied out from the 
plate and are 6 inches long, spaced 12 inches. 

The FuiiFer- Hubbard Manufacturing Co., Minneapolis, Minn., during 
1913 applied for patent and started manufacturing a plate and installing 
device similar to die Baker plate, excepting thp^ t^r n\r*e nncho* is a loop 
pnf*^ *>"► o' •'Tjan^f-rf '■■nn> 'b* *'»»t 
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When the Baker plates were first used, they were clamped to tevenl 
thicknesses of tarred felt paper. Arranging and keeping these sheets to- 
gether was troublesome and on this account some builders clung to the sheet 
of steel bulkhead, clamping the plates to the steel and afterwards removing 
the steel bulkhead, leaving the ^acc to be filled with hot aqihalt. This led 
to the manufacture of a product known as "Carey Elastitc," a mixture of 
asphalt and wool fibre which is obtained in thickness of from ^ to ij^ 
inches and in any width. This material is manufactured by the Philip Carey 
Co., Lockland, Cincinnati, Ohio. T^is material also simplifies the con- 
struction of joints between curbing and pavement. Instead of the old method 
of placing a form which is withdrawn the "Elastite" is placed against the 
curb and left there. Those joints and any others not subject to trafBc wear 
are not protected with steel plates. 

Heretofore, practically all specifications for concrete pavement have ad- 
vised joints }4 inch or wider between pavement and curb while for trans- 
verse joints ^ inch or ^ inch is deemed sufficient. Based on the theory 
of expansion, the joint at the curb is entirely too wide and ^ inch at each 
curb would be ample for pavements in widths up to 50 feet. When Elastite 
or other similar compressible compounds are used there is no reason why 
the joint should be wider than necessary but where the joint is made with 
a bulkhead, afterwards drawn, the half-inch joint gives better results in con- 
struction and in filling with hot asphalt afterwards. 

Descriptions of two types of steel angle joint protectors will be found 
in Concrete-Cement Age, August, 1913, Vol. 3, No. 2, page 77, and Engi- 
neering & Contracting, Nov. 22, 1911, page 545. An altogether different 
type of joint designed by H. F. Hall of the Wright-Hdl Engineering 
Co. is described on page 459 of Engineering & Contracting for Nov. I, 
1911. 

A concrete pavement was built at Mattoon during 1912, in which a 
row of paving brick was used at expansion joints and during the same year 
the Illinois Highway Conmiission built a concrete road at DeKalb; on 
part of this road creosote paving blocks were used at expansion joints. Both 
of these experiments proved unsatisfactory. 

MAINTENANCE OF JOINTS 

Expansion joints should be kept filled to the level of the pavement surface 
so that there will not result an impact when wheels cross the joint. If 
the joint is not kept filled, grit will accumulate and in time the joint will 
be filled with non-elastic material. Even a joint which has been kept filled 
will in time become jammed with grit. 
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DISCUSSION 



Mr. Kerr: — On the subject of Joints for Concrete Roads, I feel that 
there is but little that I can add at the present time, and that further 
experiments and actual service tests will undoubtedly furnish us with val- 
uable data on this subject. 

As has been shown by the report of Committee I on contraction and 
expansion of concrete roads, there is a contraction which takes place due 
to the drying out of the concrete and also due to temperature change which 
results in cracks, and since these cracks occur, it seems better practice to 
provide joints in the concrete to take care of them than to allow them to 
be formed haphazardly by nature. By providing for this contraction we 
can secure true alignment and have the joints properly protected, if a pro- 
tected joint, or if an unprotected joint, we can have the concrete at the 
joint rounded off to a slight radius so that it will better allow the filler 
and make the maintenance much easier. It seems pretty definitely decided 
that joints should be placed longitudinally along the sides of a road when 
the sides arc bound, as in the case of a city street, by curbs, but the spacing 
of the transverse joints is a question which I hardly believe can be decided 
upon uniformly for all conditions. In other words, I do not believe that 
we can state that the transverse joints should be placed at a certain distance 
apart, as their spacing will depend upon the conditions of the sub-grade, 
climatic conditions, and the quality of the concrete, as has been pointed out 
in the report of Committee I. I feel that in each case these conditions should 
be studied before building a road, and after they have been duly investigated, 
the spacing of the joints should be as carefully worked out as possible. 

The finishing of the concrete at the Joint should be carefully watched 
so as to have it uniform. The concrete should be properly brought up to 
the expansion joint and troweled towards the joint, bringing there enou^ 
mortar to thoroughly surround and unite the particles of gravel or broken 
stone. At this point the concrete will receive some of die hardest wear 
and it is particularly important that it be of good quality. 

As to the kind of joint, both the protected and unprotected are used, 
and I am not prepared to say which will ultimately give the best results. I 
believe that cither joint is a good joint when properly built. If the steel 
will wear at practically the same rate as the concrete in the protected joint 
and provide a smooth surface at this point, it certainly affords a good pro- 
tection to the concrete. In the case of the unprotected joint it is a good 
plan to round the concrete at this point to a radius of say yi inch and then cut 
off the tar paper or aspbald'c felt a half inch or 10 above the surface of dw 
•("H-**!f "n>f allow "bi* to he ta"iped into ♦he ioint an*! v-tm off W ti«S!e. 
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The maintenance of the joints is an important cx>nsi deration. Tliey 
should be carefully watched and when the elastic material has squeezed out 
in hot weather, or has become worn away, the joints should be cleaned out 
and refilled. Rigid material should be cxduded from the joint, as its filling 
with such a substance would prevent the expansion of the concrete and cause 
undue compressive stress. Considering only the movement which the con- 
crete is considered as having, namely .00054 P" u^i't o^ length for a change 
in temperature of 90 degrees, and assuming a modulus of elasticity of 2,000,000 
pounds per square inch, there would result in cases of expansion with the ends 
fixed, a compressive force of about 1,000 pounds per square inch. This would 
result in buckling in the thin slab of concrete. I have, however, never 
observed a concrete road that buckled, but there have been cases of concrete 
sidewalks doing this, and I feel that precaution should be taken to keep 
the joint in proper condition and avoid this possibility. Another reason for 
keeping the joint properly filled with tar or asphaltic compound, is to pre- 
vent the penetration of water through the joint to the sub-grade, as water 
in the sub-grade, especially in freezing weather, would no doubt cause con- 
siderable trouble. 

Mr. Tunnidiff: — I would like to bring before the Convention an idea 
that I have; that is, that the so-called expansion joints are not put to the 
functional use that dicir name would imply; that is, that the expansion that 
they provide for is very seldom evidenced, and I think that whatever joints 
are used in the construction of the concrete pavement should be made to 
take care of contraction. I think the name expansion joint will be dis- 
continued. 

Mr. Mclntyre: — I wish to call your attention to one point which Profes- 
sor Hatt did not bring out — the necessity for the joint being perpendicular to 
the surface of the slab. If the joint is at an angle there will be an oppor- 
tunity, when the concrete expands, for one slab to slide upwards and cause 
a bump in the road. I have in mind a particular instance of a concrete road 
built on a 5 per cent grade. In this case the indications point to the fact 
that due to expansion one slab had a tendency to move down hill. The ad- 
joining slab down the hill was apparently held in position by the friction on 
the sub-base. The upper slab slid upwards at the joint. Upon examination 
it was found that the joint was at an angle with the surface. Had this joint 
been perpendicular there would not have been an opportunity for sliding 
since full bearing at the joint would have been developed. 

Mr. Lamed: — I would like to ask if in the experience of anyone, in 
the construction of concrete roads, they have reached the condusion that 
metal-bound joints could possibly be omitted. We seem to be providing for 
contraction, and yet that contraction is more or less overcome by expansion 
due to moisture content. Now the entire movement of the joint will per- 
haps be very small, and a very considerable item of expense could be avoided 
if we could omit die metal-bound joint. 

Mr. Hubbdl: — In Davenport, for the years of 1912 and 1913, the ipedli- 
cations called for creosote block expansion joints, and we have found after 
2 years' service that these joints have met the requirements expected. We 
have found that they are not really expansion joints but contraction joints. 
The creosote block half an inch or an inch thidc, running the full depth 
of the pavement, protect) the edges of the concrete. The block haa a tcn- 
iieoKf to braun open and protect fix edge* oa ddier tide, and we have 
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found that the edges do not break and that it is not necessary tt> put in txtj 
steel plates. The block is a cheap form of filler and has answered all tlw 
purposes in Davenport. 

Mr. Gillette; — In answer to the query about the oimssioa of expaimaa 
joints, I would say that the specifications for the State of California are 
drawn so that expansion joints are not provided except in special cases. Six^ 
or seventy miles of concrete road are now being built without any expansion 
joints whatever. Los Angeles County has built some 300 nules of 
bituminous macadam and concrete, omitting expansion joints. One (trip 
of concrete, which 1 visited a short time ago, is laid without any expanaioo 
joints. The strip is 4 miles long, 16 feet wide and 5 inches diid^ 
and there is not a crack either longitudinal or transverse in the whole strip. 
One reason for this absence of cracks may be, perhaps, that the foundation 
was compacted by a roller tamper. This tamper gave a foundation so solid 
that you could not drive an oak peg into it. 1 think one of the secrets of 
freedom from contraction in concrete roads lies in a solid sub-base. 

Mr. Boley: — The city of Sheboygan has a considerable yard^e of con- 
crete on its streets. We have not used armor on the joints. In r^ly to 
the question which was asked, we have had no trouble with the ^tailing off 
of the joints and at the present time see no very good reason for putting 
on a metal protection. I do not know what the experience would be on 
the country road, with a roadway 16 to 18 feet wide, but we certainly have 
had no trouble during our 3 years of experience. We used an asphalt filler 
for the early streets. In our later work we have used a felt joint. Both gave 
satisfaction. 

The remarks in regard to the greatest expansion and greatest contract 
tion of concrete do not agree with my observations. I have not found the 
time of greatest expansion to be in cold weather. Within the past few 
days, which have been cold, I have noticed on our concrete streets that a 
knife blade a>uld be inserted at the joints between the filler and the con- 
crete slabs. It would seem that cold weather was causing contraction rather 
than expansion. During the hot weather the filler which is placed in the 
joint is forced upward sometimes half an inch. On extremely hot days the 
tiller bulges up and pours over on each side of the joint. It never goes 
back, but is spread out and rolled out by trafEc. This condition seems con- 
tradictory to the experience that has been given. 

Mr. Wig: — I think we can explain the point in regard to the expansion 
of the filler as due partly to the expansion of the filler itself, and due also 
partly to temperature. It was not the idea to make the statement that we 
have no expansion with increased temperature, because we have; and we 
also have contraction with moisture and a sudden change in contraction wiih 
a drop in temperature. With a sudden change in temperature we have a 
sudden change in the concrete; and if the temperature drops the concrete 
tends to contract. The intention of the statement was that during the 
winter months we get a gradual expansion of the concrete and during the 
summer months a gradual contraction. 

Mr. F. P. Wilson: — In the past 8 years I have designed and con- 
structed between 50 and 60 miles of concrete streets, and I have found 
from aaual experience that the oidy successfid method of protecting the 
concrete is to use steel plates on each side of the joints. I have experimented 
with paving bricks at die joints; I have experimented with so-called creosote 
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wood strips. I have found that the only practical, durable, reliable pro- 
tector to use is the steel plate on each side of the joint. These plates arc 
about 2l4 inches in depth and ^ inch in thickness with shear members im- 
bedded at right angles into the concrete. When I used the brick joint with an 
clastic filler, the corners broke down. When I used just the filler without any 
protection the results were the same. 

In regard to the theoiy of concrete expanding in winter and contracting 
in summer, my observation docs not support the theory. 

Mr. Mullen : — In Minnesota our experience has not been very extensive, 
but we have built considerable concrete road without using metal protec- 
tion plates at the joints. The first roads that we built were planned with 
expansion joints, 25 feet apart. These joints were J^ of an inch in width and 
filled with asphalt filler. After we had done considerable building we learned 
that it would be better to place expansion joints 60 feet apart with contraction 
joints at 20 feet. This practically eliminated cracks except where the materials 
used were poor. The wear at the joints was not noticeable when the material 
and workmanship were good. On some of the roads that were built last year 
it happened that we got a poorer grade of sand and at places where that sand 
was used the expansion joint broke down. The roads built were 8 feet in 
width, which confined the trafGc in a very small area. The wear at the joints 
was very heavy but where the material was good, where the sand especially was 
good, 1 should say there was no notice of wear at the joints. Wherever 
tfierc was foreign matter in the sand, the joint showed considerable wear. 

Mr. Thompson : — It seems to me that where there is such a diflference of 
opinion as we have heard expressed, about whether or not metal plates were 
necessary, that the need of metal joints may depend to a certain degree at 
least upon the character of the concrete. If we have very strong, hard 
concrete, made of the very best materials, it is very possible that our comers 
may be sufficiently strong to withstand the abrasion and hammering of traffic. 
In Sheboygan, if I am not mistaken, they have very excellent sand for use 
in their pavement. In other places where the sand is less good and the con- 
crete more soft, metal-bound joints may be absolutely necessary. With good 
materials, simply leaving a space between the slabs might be enough. There 
is a question too, whether the quality of concrete docs not cause the expansion 
and contraction about which we have had a difference of opinion. If con- 
crete is porous the moisture penetrates it, which tends to expansion. Where 
the concrete is very dense and very dry it is subject to the influence of 
heat and cold, the heat tending to expand and the cold tending to contract 
the concrete. 

Mr. Tunnidifl: — I do not think that Mr. Thompson meant to convey 
the idea that poor concrete would i)c substantially helped by the use of a 
metal joint. It seems to me that in a concrete road that was not capable 
of standing considerable abrasion a metal joint would really be a detriment; 
that is, the joint would withstand the traffic and the concrete, being soft 
on either side of the joint, would be inclined to wear away. I think it 
it of importance in the use of metal joints to take into consideration the 
htrdneta of the aggregates. 

Mr. Whitmore: — The discussions before the conference have indicated 
« great variance of opinion u to the cause of the cracks in concrete pave- 
menti, which the so-called expansion joints are intended to remedy. 
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I wish to State that my observations along this line have thoroi^ilr con- 
vinced mc that longitudinal cracks are seldom or never caused by contrac- 
tion or expansion, and that they are practically all caused by heaving of the 
sub-grade by freezing, and occasionally by unequal settlement of imprtq^rly 
prepared sub-grades. This opinion is based on the following observations: 

(a). These cracks usually appear, if not always, in the form of a very 
small and insignificant appearing crack when the snow goes 00 in the ^ring. 

(b). Where the sub-soil is clay, the cracks are found where ample 
expansion joints are provided at the curbs, as well as where there are no 
expansion joints. 

(c). Where the sub-soil is sand or gravel with good natural drainage, 
or on fills or steep grades where the drainage is good, these cracks are absent, 
even where there are no expansion joints at the curb. 

(d). The craclcs follow along the line of travel on the street, usually 
along near the crown, where the snow is packed by traffic during the winter. 
Nearly everyone has observed that the frost will penetrate to a depth of 
several feet in a roadway when there is no frost whatever under the snow 
along the sides. Where there is a car track along the center of the street 
and the soil is of impermeable clay or of such a nature as to hold water, 
there is usually a crack along the driveway each side of the tracks about 
midway between the rail and the curb. At intersecting streets which crou 
the paved street, the crack docs not continue across the intersection, pre- 
sumably because the travel across the street and around the comers padn 
the snow and pemiits the frost to penetrate over sufficient area to raise the 
pavement uniformly without breaking it, but where the intersecting street 
comes in from one side only, the crack runs ofl toward the opposite curb 
as it approaches the intersection, and continues past the intersection, coming 
back to the crown again on the other side. 

(e). A careful examination of the concrete foundation under the lon^- 
tudin^d crack in the surface of a brick pavement will reveal the fact that 
the foundation is also cracked. Expansion does not seem to account satit- 
factorily for this. 

Most of the observations briefly outlined above have been made during 
the past lo years in studying brick pavements; but it seems logical to assume 
that the same causes that produce cracks in brick pavements will produce 
them in concrete. 

Good artificial drainage at the curbs will assist in preventing the sub- 
soil from becoming sufficiently saturated as to be heaved by freezing; but 
under some conditions this result cannot be entirely accomplished. I ^ere- 
fore believe that it is necessary to build a stronger pavement where the soil 
is liable to heave when frozen. 

Professor Hatt: — My own view of this subject, apart from die com- 
mittee, is that in line with other forms of concrete construction we ought 
to look to the elimination of the joint and reinforce the road with steel. 
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REPORT OF COMMITTEE III 
AGGREGATES FOR CONCRETE ROADS 

CAdirsuifi— Sahtokd E. Thohpsok 
Coniulting Eupneer, Nenion Hishlandt, Mm). 

A. N. Talbot W. M. KiMMEr 

PieiidcDt, American Society (or Tetiing Aiditant Engineer, UniverMl Portland 

Material!, Urhuu, lUinoii Cement Co., Pittiburgh, Pa. 

The successful development of the concrete pavement depends upon: 
(l) Materials, and (2) Workmanship. 

It is not so much a question as to whether concrete is a suitable material 
for roads in comparison with other paving materials, as it is a comparison 
between concrete and concrete. The durability depends upon the character 
of the concrete. 

Suppose we were to build a brick pavement. Assume that we start with 
a poor foundation ; we lay the biick at unequal distances apart ; we half fill 
the joints; and for the brick we use a soft, light brick. Will the pavement 
stand? Suppose all the workmanship is satisfactory and the brick alone is 
poor, shall we expect the pavement to be durable? Certainly we cannot 
condemn brick pavements in general because such a pavement as this does 
not last. 

But is not this exactly what many people may expect of a concrete pave- 
ment? They lay on a poor foundation, improperly mix and place the con- 
crete, and use materials that will not make concrete good for any purpose. 
They may, in fact, properly prepare the foundation, mix the materials 
thoroughly and in correct proportions, but provide sand that is fine and stone 
that is soft, and then they condemn not this pavement in particular but con- 
crete pavements in general. 

It must be remembered, however, that the general public has a perfect 
ri^t to condemn concrete pavements in general if a large number of concrete 
pavements are poorly built or are built of poor materials. 

It is to prevent just such improper work that this convention has been 
called, and the publicity which will bei given to good methods of construction 
should lead to widespread improvement in methods of construction. 

Examination of letters received by the Chairman of this Conunittee from 
a large number of cities having concrete roads shows general satisfaction 
with this type of pavement. Adverse criticism usually comes from cities 
where the specifications and description of work indicate either poor ma- 
terials and incorrect proportions or improper methods of construction. 

AGGREGATE ESSENTIALS 

Tentative specifications for aggregates are given at the end of the report. 
Simple rules covering the most essential requirements are as follows: 

( I ) For fine aggregate, use only sand or other fine aggregate that hai 
been actually tested for mechanical analyus and tensile strength of mortar, 
ind ii free from fine particles. 
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(2) Use coarse grained tands or hard stone screenings with dust re- 
moved. 

(3) Use sand or other fine aggregate that is absolutely clean. 

(4) For coarse aggregate, use hard stone, such as granite, trap, gravd, 
or hard limestone. 

(5) If bank gravel or crushed stone is used, always separate the sand 
or screenings and re-mix in the proper proportions. 

// local conditions prevent following any one of tkete ritUi, adopt tome 
other material than concrete for your pavement. 

Briefly taking up each one of these points: 

( 1 ) Actual laboratory tests are necessary for fine aggr^ates, because it 
is impossible for the most expert builder to always distingui^ by appearance 
between good and poor sands. Sand may be coarse, of good color, well 
graded, and apparently perfectly clean, and yet because of a minute quand^ 
of vegetable matter may show practically no strength when made into mortar 
or concrete. Case after case has been found where good looking sand had to 
be rejected on laboratory test or, if used, produced defective concrete. 

Note that two tests are given in the specifications — for fineness and for 
tensile strength of mortar. 

(2) Coarse sand is necessary not only for strength and densi^, but to 
prevent the formation, on or near the surface, of a layer of fine material, 
consisting of a mixture of dust and cement which has no durabili^. Mortar 
made with fine sand or sand having a large proportion of fine grains of silt, 
hardens slowly and is especially objectionable in cold weather. Iliis pre- 
vents it attaining proper strength before the road is thrown open to tnroc. 
A sand having a considerable proportion of fine particles may possibly show 
high briquette tests, and yet the mortar not have good resistance to attrition 
or wear. 

As indicating the necessity for coarse sand, even when the mortar made 
from it is high in strength, various cases might be cited; one, for example, in 
Wisconsin, where the sand mixed into mortar showed high tensile strength, 
and yet, because of 10 per cent of silt in the sand, the surface of the road was 
entirely unsatisfactory, and had to be covered with a bituminous wearing 
surface after less than a year's service. A natural sand of limestone compo- 
sition frequently shows high strength in mortar, but may be poorly adapted 
to pavements because of an excess of fine grains. 

{3) Sand must be absolutely free from vegetable or organic matter, or 
it is liable to harden not at all or too slowly to be serviceable. Frequently, 
sand may be entirely satisfactory in appearance, and yet be worthless for 
concrete. Defective sand of this type is apt to be taken from too near the 
surface of the ground, so that it contains a very small percentage of veget!d>le 
loam. At least 2 feet of top soil and loam should be removed before using 
the sand, and in many cases it is necessary to take off as much as 4 or 5 feet, 
while occasionally no acceptable sand can be found in the entire bank because 
of the penetration to a great depth of the deleterious vegetable material. 

In one case, in Wisconsin, the materials were distributed along the entire 
length of the road that was being improved. The la)ring of the concrete 
was discontinued before the road was completed, and for several months 
traffic drove over the sand and gravel that was later used in dw constiuctioa 
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of the concrete pavement. The portion first built was good, while the other 
put was very defective. The cause of the difference, evidently, was due to 
the dirt and manure that had become mixed with the aggregates. 

(4) A coarse aggregate of hard quality is necessary to resist the wear 
and abrasion of hoofs and wheels. Failures of concrete roads have been 
caused simply by the softness of the coarse aggregate. In one instance, for 
example, shells were used for the aggregate, and the road went to pieces as 
soon as it was subjected to wear. 

All stone, like shale, slate, shells, and soft limestone, must be rejeaed; 
while trap, granite, and conglomerate, are especially suitable materials. A 
hard limestone, such as that occurring in certain localities along the Hudson 
River, which is sold in New York as trap rock, is satisfactory for concrete 
roads. A hard limestone cannot be cut with a knife and the specific gravity 
is high, say, over 3.70. 

Gravel does not bond quite so strongly with cement as does broken stone. 
When properly screened and free from dirt, however, and remixed with sand 
in the proper proportions, a good surface can be made even for a i-course 
pavement. 

(5) Many roads that are now being built will prove worthless because 
of the use of sand taken directly from the bank wiljiout screening. If the 
gravel contains as much as 40 per cent of stones and very rich proportions are 
used, say i part cement to 35^ parts bank gravel, a fair concrete can some- 
times be produced, but it is always cheaper in such cases to screen the gravel and 
remix the sand and stone in proper proportions. There will be, for example, 
a saving of ^4 barrel, or i bag, of cement per cubic yard of concrete by using 
proportions i part cement to 2 parts sand to 3 parts screened gravel, in- 
stead of using the unscreened bank gravel in proportions 1 to 3j4. This 
difference will more than pay for the additional cost of screening the sand 
and rejecting part of it. At the same time, the result will be more uniform 
and the surface more durable because of the stones which take the wear. 
When an excess of sand is used in the mixture, as is the case with run-of-the- 
bank gravel, the mortar rises to the top when the concrete is placed and the 
wearing surface is less resistant than a mix that is uniform throughout. 

If the rules given above are followed, and at the same time proper 
foundations, proportions, and workmanship, are obtained, the concrete pave- 
ment will prove durable and will resist ordinary trafiic. 

AGGREGATE SPECIFICATIONS 
Tentative specifications for aggregates are presented as follows: 

FINE AGGREGATES 

Fine aggregate shall consist of sand or screenings from hard, durable 
gravel, granite, trap, or other hard rock. It ^all be clean, coarse, hard, free 
ttovn dust, loam, vegetable, or other deleterious matter. Fine aggregate 
containing frost or lumps of frozen materials shall not be used. 

Samplei for Test 

Average samples of fine ^gregate weighing not less than 10 pounds shall 
be tftkcn from the bank or pile and tested, before the acceptance of At 
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material, for fineness and for tensile strength in mortar. Individual i 
samples shall be taken from each bank to be used, and new samples taken L 
case of a change in the character of any one bank. 

Receptacles for shipment to laboratory shall be such as to retain tbe 
natural moisture in the sand. 

Fineneu 

The size of the fine aggregate shall be such that the grains pass when dry 
a screen having ^-inch openings. In the field a ^-inch me^ or, in sook 
cases, a ^-inch mesh screen may be used for this separation. 

Not more than lo per cent of the grains below the ^-inch size shall pass a 
sieve having $o meshes to the linear inch, and not more than 3 per cent shall 
pass a screen having lOO meshes to the linear indi. 

Tensile Strength of Mortar 

Mortars composed of i part Portland cement and 3 parts fine aggre- 
gate, by weight, when made in briquettes shall show a tensile strength at 
least equal to the strength of i :3 mortar of the same consistency, made at the 
same time, and with the same cement and standard Ottawa sand. The sand 
shall not be dried before being made into briquettes, since this sometimes 
improves its quality, but correction shall be made for moisture when weighing 
the materials. 

Tensile tests may be made at ages of 72 hours, 7 days, and 28 days. At 
early periods the strength need not attain the full ratio of 100 per cent txt 
standard sand mortar, provided this is attained at a later period. In no case, 
however, shall sand be accepted for pavement work whose strength in 1 13 
mortar at the age of 72 hours is not at least 80 per cent of the strength of the 
standard sand mortar. 



If the sand docs not fulfill the above requirements for fineness, it shall 
be washed or else screened when dry over a 10 mesh screen placed at such 
an angle as to remove the particles liner than a No. 50 sieve. 

fVaskinff 

Fine particles may be removed by washing with a large volume of water in 
a box provided in the bottom widi perforated pipes and arranged for the 
silt and water to flow off through a trough from die top of the box and the 
sand to be drawn out from below. 

COARSE AGGREGATE 

Qualitji 

The coarse aggregate shall consist of clean, hard, durable granite, trap, 
conglomerate, gravel, or other hard rock, free from dust, loam, vegetable or 
other deleterious matter. In no case shall coarse aggr^ate be used which 
contains frost or lumps of frozen material. 

Coarse aggregate containing soft particles shall be rejected. 

Coarse aggregate shall not contain a large prop^-ric 0:' Aa* ^r e 

particle* 
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Fineness 

For i-cDUrse pavements, the size of the coarse aggregate shall be sudi at 
to pass an inclined or rotary screen having i^^-inch circular openings and 
be retained on a similar screen having ^-inch openings. 

For a-course pavements, the size of the coarse a^regate for the bottom 
course shall be such as to pass an inclined or rotary screen having 2-inch 
openings and be retained on a similar screen having ^-inch openings. 

For the wearing course in a 2-course pavement, the coarse aggregate shall 
be of a size that will pass an inclined or rotaiy screen having ^-inch circular 
openings and be retained on a similar screen having }^-inch openings.* 

NATURAL MIXED AGGREGATES 
Natural mixed or crushed aggregates shall not be used as they come from 
the bank or crusher, but shall be screened and remixed in the proper propor- 
tions. 



DISCUSSION 



Mr. Thompson: — There is one point in this report about which I wi^ 
to speak. The statement is made, in that part of the report dealing with 
aggregate essentials, that a natural sand of limestone composition frequently 
shows high strength in mortar, but may be poorly adapted to pavements 
because of an excess of fine grains. 

That is a point that I have never heard brought out — the action of the 
limestone a^regatc on cement. Frequently, one gets a high strength with 
limestone sand, and limestone sands arc quite common in certain parts of 
the country. In Canada, some time ago, I got nine specimens, all but one 
of which were almost entirely limestone. In New York City, in many places, 
I have found sand with many limestone particles. 

Another point of importance in the report is mentioned under the caption 
"fineness," 

In many parts of the country it is impossible to get sand meeting the 
requirements without screening the sand over a fine screen. But if we 
are going to have durable concrete roads we must have not merely good 
workmanship but also good material, and that is the only way in which 
concrete roads will prove durable and make a permanent place for them- 
selves as a concrete pavement. 

Mr. Lamed : — The importance of fine and coarse aggregates needs espe- 
cial emphasis and particular emphasis on the £ne aggregate. But in con- 
sidering the specifications for the fine aggregate I think it is well to con- 
sider the average commercial condition. We cannot expect to go into too 
great refinements without great discouragement to the work. 

Now the requirement that roo per cent strength be developed by a natural 
bank sand is very good ; in fact a first class natural bank sand will test better 
than Ottawa sand but there is a large range of perfectly good sands that 
produce a good concrete that will not produce lOO per cent of the strength 
developed by Ottawa sand. In the last 2 or 3 years we have heard tentative 
specifications suggested for sand and it has been pretty generally the custom 
to require that sand be 70 or 75 per cent rather than 100 per cent of the strength 
of Ottawa sand. And I think the use at the lower percentages is a linle 
more practicable than if we get into greater refinements. The question of 

*TUtMMiiiM a perfect bond bttwecB the fint and Mcond connet. 
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the granulometric composition of sand, in which it is su^eated that in aU 
cases not more than lo per cent shall pass a fifty mesh sieve, I take issue 
with. What we seek to exclude in sand is fine materials; and anything 
that passes a £fty mesh sieve goes a long ways toward passing a hundred 
mesh sieve. If you require primarily that a coarse sand be used you know 
that you will not get excess of material passing a fifty mesh sieve. If you 
have in the coarse sand material passing 5 or 10 per cent through a 
hundred mesh sieve, you have something worthy af suspicion; and that la 
the material we want to avoid. I know from having tested a great taaay 
sands, that we get better results with commercial sand that will cany from 
25 to 30 per cent through a fifty mesh sieve, and that sand will be found to be 
a little more practicable than if we attempt to limit the content to only lo per 
cent. 

Professor Baker: — It seems to me that this report might well be con- 
sidered in connection with the very valuable report of Mr. Wig. It has 
been emphasized in this report that we must have sands that will give us 
certain strength in concrete. Strength is all rig^t, but it seems to me that 
after all the most important thing is to keep water out of the road. We 
do not make a rich mixture for a concrete road necessarily so mudi to get 
great strength as we do to make as nearly as possible an impervicnu con- 
crete. Mr. Wig's paper shows very well the reason why. The more we 
have the condition of alternate wetting and drying, the more movement and 
stresses we are going to set up in the concrete. Now tests have shown that 
some percentage of fine material in the sand sometimes gives a more im- 
pervious concrete than veiy coarse sand or sand that does not have enou^ 
of that fine material. As most of you know, there have been tests in whidi 
clay has been added to sand for concrete and for mortar, and the tests have 
shown a pretty thorough waterproofness obtained by such a mixture. Of 
course, there is danger in any such natural or artificial material that you 
will not get a thoroughly uniform mixture; but let us be a little careful how 
we specify too coarse a quality in sand and how we shut out all the fine 
material. 

Mr. Kinney: — It seems to me that Mr. Larned's suggestion that a reduc- 
tion be made to 70 per cent of the strength of Ottawa sand obtained 
by the same cement is hardly a good one in the case of concrete roads. I 
do not believe that I have ever had, in my experience, a natural sand vriiJch 
would not, if it was the right kind of sand, show 100 per cent of the strength 
of Ottawa sand with the same cement. There is a reason for that. A natural 
sand has an advantage in gradation of size. The Ottawa sand is screened 
between twenty and thirty meshes and it has not that advantage. Therefore, 
sand of the same quality as Ottawa sand, having the advantage of gradation of 
size, should show more than too per cent of Ottawa sand strength. And 
therefore by limiting it to 100 per cent it might be doing an injustice to the 
natural material, and it seems to me that 100 per cent is a very safe figure, par- 
ticularly in concrete roads, where we need the very best concrete. Seventy per 
cent might be all right in some classes of concrete, but 100 per cent ought to be 
named, I think, in the specifications. 

As to the question of the fineness of the material we are using in concrete 
roads, I believe it is pretty thoroughly accepted that a mixture not leaner 
than 1:2:3 should be used. This gives us a very large amount of fine 
inateria' ■"'' 'here is no nen^t" fo' Mint «"" ine n\strri»1 nr d^ to 
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increase the wateiproofness. Too fine material, on the other hand, has the 
disadvantage of causing a delay in the hardening of the concrete, which is 
most objectionable in the fall or early winter. The only advantage I can 
see for fine material in sand is that it delays the hardening of concrete so 
that it does not dry out. This, however, is accomplished by the best builder* 
by springing their roads or covering them during the early stages of the 
hardening process. Therefore, it seems to me there can be no advantage for 
fine material in the sand. 

Mr. Lamed: — The question of comparison between the strength of 
Ottawa sand and bank sand should be considered in connection with the 
period at which the test is made. It is quite possible that the commercial 
sand at 3 days may show only 60 per cent of the value of Ottawa sand. At 7 
days it may show 80 per cent. At 28 days it may show 125 per cent. Now, 
what are we testing for ? Is it a matter of 3 days or 7 or more days ? We hold 
in our specifications that concrete roads shall not be put into use for 3 weeks. 
Why not, then, consider the relative strength of commercial sand compared 
with Ottawa sand at that period ? 

Mr. Kinney: — My opinion is based on the specifications for 80 per cent at 
the 3-day period. In the committee report 80 per cent was set for the 3-day 
test. Of course, the question of the percentage to select is for the committee 
to decide. 

Mr. Wig: — I wish to emphasize the statements made in the report that 
loo much dependence should not be placed upon briquette tests. A very 
line sand which will give the highest results in briquettes will sometimes 
give the lowest results in concrete. 

Mr. Thompson: — The only points that have been brought out are the 
fineness and strength. Prof. Baker is quite right in saying that fine material 
increases the water- tightness, but that is true only under certain conditions. 
If you have a rich mortar, such as 1 : 2, to get the strength, you have a 
much more water-proof pavement than you do with a i : 2 mixture con- 
taining a lot of fine material. For large work, such as dams, I specify 
frequently that there must be a large percentage of fine material for filling 
the voids; but for concrete pavement this fine material is not necessary and 
is liable to be detrimental. 

With reference to the strength, the joint committee on concrete and 
reinforced concrete in the last report requires 100 per cent sand or else, if it 
tests lower than this, that it shall have a larger percentage of cement with a 
limit of 70 per cent as the ratio between bank sand and the standard sand. 
For large construction we might frequently use sand somewhere between the 
limits of 100 per cent and 70 per cent; but for pavements, where the question 
of wear is under consideration, it is necessary to get a high standard if we wish 
to have good results. 
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REPORT OF COMMITTEE IV 

PREPARATION AND TREATMENT OF SUB-GRADE 
FOR CONCRETE ROADS 

Chairman— I%A O. Bacee 
Profeuor of Civii Engineeiing, Univenity of lUinob, Urbau, lUinoi* 

A. R. Hinrr A. N. JoHinoK 

Suit Highway Engmeei, Madiwn, Wii. Suit Highnay Eagmect, Spriogfield, BL 

IMPORTANCE OF PREPARATION OF SUB-GRADE 

The Committee calls attention to the fact that defects in the subgrade 
of a concrete road, or the improper preparation of it, may neutralize or nullify 
the care given to subsequent stages of the construction. 

The fundamental requirement of the subgrade is that it shall at all timet 
be of uniform density, so that it will not settle unevenly and cause cracks in 
the concrete surface. Some engineers apparently believe that it is not neces- 
sary to take as much care in preparing the subgrade or foundation of a 
concrete pavement as of other forms of roads having an artificial surface, 
because the concrete slab will aa as a biidge over any soft streak or low 
spot in the foundation; but the Committee is of the opinion that this is a 
mistake. The strength of a plain concrete slab in acting as a beam to can; 
the load over a low spot or soft place in the foundation is very slight; and 
it is so easy to remove the low place or soft spot as not to justify the 
dependence upon the beam action of the concrete. Any uneven settlement of 
the foundation of a concrete pavement is nearly certain to cause a crack. 
With some forms of pavements a crack in the surface will heal under traffic; 
but a crack in a concrete pavement not only can not heat under traffic, but 
will continually enlarge. There is no part of the work of the construction 
of a concrete pavement that is more worthy of intelligent care and painstak- 
ing labor than the preparation of the subgrade; and the slight additional cost 
necessary to insure good results is abundantly justifiable. 

NEW PAVEMENT ON OLD ROADBED 

If the concrete pavement is to be constructed upon virgin soil, that is, if 
it is not to be constructed on an old roadbed, the precautions usually taken, 
which are described in the speciiications to follow, arc sufHcient to secure a 
reasonably good foundation. But if the concrete pavement is to be con- 
structed upon an old roadbed of any kind, either an earth or a broken-stone 
or gravel road, great care must be taken in preparing the subgrade. The 
old roadbed is likely to be more compact in the center than at the sides; and 
consequently there is danger that the concrete pavement will settle more at 
the sides than at the center, and therefore will crack longitudinally. Further, 
it is likely that the traveled way of the old road will not at ?U places be 
central under the new concrete pav"«ent, tnc amseo'i^'lv tb< inttrr wfll 
set'* •in^'^nly and -rncV 
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When the subgrade is an old roadway, it is not sufficient to roll the sub- 
grade longitudinally, since the roller is liltcly to balance upon the more com- 
pact central core, and therefore not consolidate the soil at the side of the old 
roadway. It is not necessary to attempt a detailed description of the method 
of overcoming this difficulty; but the engineer should be alert to determine 
whether this condition obtains, and when it docs occur he should take the 
necessary precautions to secure a thorougji consolidation of all parts of the 
new roadE>ed. It may be necessary to add material at the side of the more 
compact central core of the old roadway. In extreme cases it may be necessary 
to loosen the old roadbed by spiking or scarifying, and then harrow it, and 
finally consolidate the entire new roadbed with the roller. The Committee 
desires to emphatically assert that the need of care in this matter is not 
imaginary, and that such conditions do really occur in actual practice. 

DRAINAGE 

The drainage of the roadbed of a concrete pavement is of vital importance. 
If the subgrade is not well drained, there is danger that after the concrete 
is laid, the drying of the soil under the edges of the concrete may permit the 
pavement to settle and thus cause longitudinal cracks on the surface. Further, 
if the subgrade is not well drained, there is a possibility that the frost may 
lift the edges of the concrete roadway and cause a longitudinal crack, at 
least on the lower side and possibly also upon the upper surface of the con- 
crete. It is hardly possible in a report of this character to give detailed 
instructions for the adequate drainage of the roadbed for all kinds of soil 
and for all conditions, but a few remarks may be permissible. 

If the soil is sandy, there is a probability that the natural under-drainage 
is sufficient for the purpose. 

Where under-ground water is likely to be present, it is necessary also 
to lay a line of ordinary farm tile on one or both sides of the pavement. The 
tile should be at least 4 or 5 inches in diameter, and should be laid 2}^ 
to 3 feet below the surface. The tile drain should have sufficient fall to 
free itself promptly and fully. It is better to lay the tile outside of the 
edge of the concrete slab than under it. Some engineers put a layer of 
coarse gravel or broken stone immediately above the tile to facilitate the 
entrance of the water into the tile; but such precautions are unnecessary 
except to aid the entrance of surface water directly into the tile. Ground 
water always enters the tile from below. 

If the soil is only moderately retentive, it is recommended that a shallow 
longitudinal ditch be constructed just outside of the edge of the con- 
crete slab. The ditch should extend about 8 or 10 inches below the 
surface of the roadbed, that is below the bottom of the concrete slab; and 
should be filled with coarse gravel or broken stone. From this longitudinal 
ditch short transverse ditches should be dug across the shoulder to die ditch 
at the side of the roadway. These transverse trenches should have a grade 
sufficient to permit them to carry the water promptly and fully to the side 
ditch. In particularly retentive soil, these transverse trenches ^ould not be 
placed more than 50 feet apart. On level stretches, these transverse ditches 
should be practically at right angles to the direction of the road ; but if the 
road is on a grade, these trenches should make an acute angle widi the road- 
wqr, the amount of this angle depending upon the grade of the road. The 
■loping of these lateral trendies down hill makes it unnecessary to have the 
ditcbes at the sides of the roadwqr as deep as vrould otherwise be required. 



»7 
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These lateral ditches should be filled level full with broken stone or coarse 
gravel to a point at least a little beyond the outer edges of the shoulders and 
preferably nearly to the bank of the ditch at the side of the roadway. 

SPRINKUNG THE ROADBED 

Possibly the following item is more properly included in the instructions 
for laying the concrete; but it is mentioned here in order that it may not be 
overlooked. Before the concrete is placed, the roadbed should be thoroughly 
saturated with water. This precaution is particularly important if the ground 
is dry or the soil is sandy. 

SPECIFICATIONS FOR SUBGRADE 

It is assumed that the following specifications for the preparation of the 
subgrade are accompanied by a complete set of specifications, the general 
clauses of which define what shall be regarded as included under the general 
term plan or plans; and it is further assumed that the general specifications 
have the usual clauses as to the mutual dependence of the plans and the 
special specifications, and also as to omissions and conflicts between the plans 
and the specifications. 

PLANS AND SPECIFICATIONS 

The plans, profiles, cross sections, and grade sheets referred to herein are 

those prepared by and approved by the 

Highway Commission on igi . - ; 

and the same arc hereby made a part of this contract, and shall be held to 
cover any and all work needed for a complete and workmanlike job. It is 
understood that no advantage will be talcen of discrepancies found in said 
plans, profiles, grade sheets or specifications. 

CLEARING AND GRUBBING 

The Contractor shall thoroughly clear all bush, trees, and perishable 
matter for a width of 25 feet on each side of the center line of the proposed 
roadway, and remove the same from the limits of the right of way.* The 
road shall be thoroughly grubbed for the full width of the excavation, and 
no stumps or large roots shall be left within these limits except when a fill 
of more than 5 feet is called for on the plans, in which case all stumps 
shall be cut off to within 12 inches of the original ground level. Stumps 
on the cleared portion not within the grubbed limits, shall be cut off not 
more than 2 feet from the ground. 

The Contractor shall notify the Inspector [or the Engineer in charge, 
or the Highway Commissioner, or other officer, as the case may be] when the 
clearing and grubbing is completed; and the moving of earth on any section 
of road shall not be commenced until the grubbing has been accepted by him 
as completed. 

EXCAVATING ANDEMBANKING 

The Contractor shall grade the roadbed in conformity to the profile 
shown on the plans. When the material from the cuts is not sufficient to 
make the fills, the Contractor shall furnish the necessary extra material to 
bring the fills to the proper width and height. Excess material from the 

•If »He pavement i* to be miy^^iiaa IS feet wide, thip <«»»•'»» i« •« be p'onottiMaDr 
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cuts shall be used to widen the (ills as directed by the Inspector [or the 
Engineer in charge, or the Highway Coounissioncr, or other ofEcer, as the 
case may be]. 

If the natural Uy of the ground is such that after the grading is com- 
pleted, there are sumps or pockets which hold water, or if such sumps or 
pockets arc made during the progress of the work, the Contractor shall dig, 
without extra compensation, such ditches within the right of way as shall 
thoroughly drain these sumps or pockets. Water standing in the side ditdies 
will be regarded as evidence of the non -completion of the contract. Ditches 
dug beyond the limits of the right of way will be paid for as extra work, 
except when they arc specifically designated on the plans. 

When the earth work is completed, the dimensions and the slopes in cuts 
and fills shall be those given on die plans; and the edge of the roadway shall 
be the distance from each stake and also the distance above or below the 
top of each stake given in the Grade Sheet forming a part of the plans. 

The side slopes in cuts and fills shall be neatly and smoothly trimmed to 
the slopes given on the cross sections for the particular class of soil. 

When presented for acceptance the roadbed shall be neatly smoothed up 
from end to end; and shall have the line, grade, and cross section shown on 
the plans. The road shall be free from rubbish and surplus material. 

ROLLING THE ROADBED 

The roadbed shall be considered as that portion of the road upon whidi 
the concrete is to be placed. The roadbed shall be rolled with a 3-wheeled 
self-propelling roller weighing not less than lO tons, until every portion of it is 
firm and hard. 

When the natural roadbed is so sandy that no consolidation of the soil 
can be secured, the rolling may be omitted. If soft spots occur in the sub- 
grade, they shall be dug out and the soft material shall be replaced with good 
dirt or other material which will consolidate under the roller. 



DISCUSSION 



Professor Baker: — ^The committee ha* attempted to emphasize the im- 
portance of the preparation of the subgrade. It is probable that some of 
us differ with the committee as to one or two statements. For instance, the 
committee thinks it unwise to depend upon the strength of the concrete slab 
to bridge over weak places. The committee is ready to believe that there 
are times that the sl^ has bridged over weak places; but the instances are 
so unusual that the committee is of the opinion that it is unwise to count 
upon It. 

Further, the committee has some information to the eitect that some 
think that cracks are not likely to occur in concrete pavements as in other 
places because of the strength of the concrete. The committee has asserted 
that cracks are exceedingly detrimental in concrete pavements because they 
will not heal. The committee has drawn a report on the expeaation of 
trying to build a concrete pavement that shall not crack. 

Further, the committee has made some comments about the preparation 
of the subgrade over an old roadbed and stated some of the precautions 
that shall be taken. A good many longitudinal cracks are due to a hard 
backbone or core in the txnter of the old roadway. Suggestions are made 
to prevent diat diflkultf. 



Digitizecoy Google 



DISCUSSION ON PREPARATION OF 

The committee has attempted to emphasize the importance of draiiuse 
and of thorou^ undcr-drainage. If the ground is only partially retentive 
the committee believes that a channel under the edge of the concrete should 
be prepared and should be filled with broken stone to intercept any drainage 
water that may flow from the crown of the concrete slab to the edges of 
the slab and settle under the side and the channel should have draini^ to 
the side ditches by means of similar stone filled trenches. 

If there is any likelihood of underground water being encountered the 
committee is quite sure that it will ordinarily pay to lay tile. The com- 
mittee says that the tile shall not be less than 4 or 5 inches. Some of 
the committee thou^t that the tile should be much larger. The committee 
is informed of places where smaller tile has been used and has not accom- 
plished the puiposc. The difference in cost of laying is nothing and the 
difference in first cost of purchase is very slight as between 4 and s inch tile 
and s and 6 inch, or even 7 or more. So die committee has selected a tQe 
which it believes is the absolute 11 ' 



Mr. K. H. Talbot:— The report of the committee covers the subject of 
Preparation and Treatment of the Sub-grade with special reference to die 
importance of careful workmanship and supervision in this part of the con- 
struction of a satisfactory concrete pavement. There are, however, a few 
■uggesdons that I would like to bring to your attention in connecdon with this 
report. These suggestions have to do primarily with the conditions as they 
arc found in that portion of the country lying east of the Ohio-Indiana line 
and have been called to ray attention by inspection of roads in that territory. 

In the second sentence in the second paragraph of the report it would 
possibly be better to change the wording to read: "Some engineers appar- 
endy believe that it is not necessary to exercise the same care in preparing 
the sub-grade or foundation of a concrete pavement as is given to the prepara- 
tion of foundations for other types of improved roads, believing diat the 
concrete slab will bridge soft places or low spots in the foundation ; but die 
annmittee is of the opinion that this is a mistake." 

In the next to the last sentence in the same paragraph, would suggest the 
substitution of the word "some" for "most," making the sentence read aa 
follows: "For some forms of pavement a crack in the surface will heal under 
traffic, but a crack in a concrete pavement not only cannot heal under traffic, 
but wHl continue to enlarge." 

The paragraph cntided "New Pavement on Old Roadbed" should in 
ray estimation be changed to recommend that old road material should always 
be scarified and re-distributed and rolled, for if the material from the old 
road is sufficiently smooth and uniform to make a good sub-grade for con- 
Crete without scarifying, it is very likely that it is sufGdendy good M be 
used for at least a short time, and if it is not in sudi a condition it will 
be impossible to get a first class foundation for the new road surface. On 
hillside work where it is necessary to widen the road and where the slope 
is such that it will prove difficult to construct a fill in such a manner that 
it will hold to the old embankment, it may be necessary to place the metal 
partially on the old road and partially on the space made available by cutting 
on the upper side and to widen the earth shoulders on the lower side suf- 
ficiently to make the road of the required overall width. 

The question of drainage on side hill construction should be given con- 
sideration in this report. The slope of the strata will determine the amount 
of care and money that must be o^Knded on nib-drainage and aecondaiy 
■lit^ea and -mH Itnw^ » '•»gf »«>•"«» V thi xMnhn'tiW •»* slidT 1" 
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the construction and maintenance of the road. The surface water may be 
taken care of under certain conditions by cutting a ditdi above the road and 
leading the water to an outlet, while that falling between this ditch and 
the uphill shoulder is carried by the shoulder ditch to satisfactory outlet. 
Sub-drainage may be taken care of by French drains or tile drains laid on 
the uphill side of the road and by transverse drains or culverts at sudi placet 
as will insure the carrying away of the water with sufficient rapidity to keep 
the sub-grade dry. 

The Maryland State Highway Commission found on the road between 
Elkton and North East that the sandy sub-grade, whidi was on a consid- 
erable slope, would wash badly, and overcame this condition by placing con- 
crete breakers from the concrete road to the edge of the embankment. The 
top of each breaker was slightly above the bottom of the one next uphill. 
This construction resulted in the water depositing the sand which it carried 
above each breaker and the ditch was thus kept clean without appreciable 
wash. 

On page 3 the suggestion has been made that transverse Frendi drains 
on low gradients be placed perpendicular to the line of the road. In this 
connection it might be suggested that tn order to most effectively take care 
of the sub-drainage, all under drains be placed in the form of a "V," 
as such a drain will serve to keep more sub-grade dry than will one placed 
directly across the road. 

In order that concrete may have a uniform foundation the surface of 
the stone drain should be covered with clay, loam or sand. If this is not 
done there is danger of mortar from the portion of the concrete immediately 
above the drain running into the voids of the stone, thereto weakening the 
pavement at that point. 

It would seem that the clearing of the roadway for 25 feet on eadi side 
of the center line as suggested by the committee is unnecessary in many 
instances and especially on hillside work in rough country. This would 
require the grubbing of all shrubbery and trees beyond the fence lines on 
some roads and for a considerable distance up and down the hill from thtf 
edge of the road, resulting in increased wash of the surface due to being 
unproteaed. 

Too much stress cannot be laid on the matter of satisfactorily widening 
fills. The railroad practice on this diaracter of work has been to plow the 
sides of old earth fills or excavate steps on low fills. All vegetable matter 
should be cleared away and no logs or rubbish allowed in the material for 
the fill. The concrete road surface under sudi conditions as this ^ould 
not be placed until the grade has passed through at least one winter. 

Mr. Warren : — There are two important things that should be recognized 
by road designers. One is this: "Any uneven settlement of the foundation 
of a concrete pavement is certain to cause a crack." That means something. 
One of the reasons we are here is to eliminate these cracks and get an ideid 
pavement. We must realize in the beginning that something must be done 
to eliminate cracks. A crack in a concrete pavement not only cannot heal 
under traffic but will continually enlarge. Maintenance of that crack will 
increase each year. The mere fact that the maintenance of these cracks has 
been comparatively light for the first few yean (s not any reason why we 
will not have future maintenance. The cradc is a condemnation of the design 
that we have used. We should not have any cradc* whatever in pavement) 
that are no older than die pavetnents we have todqr. 
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The committK has shown that if vertical movement takes place dieie 
arc certain to be cracks. The remedy they offer for the prevention of cracks, 
and that remedy has not been wholly a success, is the draining of founda- 
tions. And in spite of the precautions for dr^nage we are often getting 
cracks where present specifications are followed. 

Why do our pavements crack? For this reason: It is absolutely impos- 
sible to prevent the soil from absorbing moisture and causing vertical mov^ 
ment by swelling. In other words, you can take a i6-foot slab or a 30-foot 
^ab and lay it right here on this floor just as it stands today, without any 
vertical movement at the sides, and you will not have any cracks^ in your 
slab. But when you lay a 16-foot slab on a road and it is subjected bi 
all these causes, the action of frost, swelling when it absorbs moisture, 
setting it over an old roadbed, you will find vertical movement, in spite 
of the tile or other forms of drainage used. It has been my experience 
in this part of Illinois that when spring comes and the ground is covered 
with water the concrete is soaked and saturated all through. You may have 
tile out on the edge, but as soon as the rain comes the water will get r^t 
under the center of the pavement. 

Now here is the question: Is it possible to absolutely get this moisture 
distributed to prevent the swelling of the subsoil ? Is it possible to eliminate 
vertical movement? If you have no vertical movement you will have a 
stab that is going to act as a beam, or else a slab that will rise up and 
down. Are you going to design it as a beam, or let it crack? There it 
the question. It is ab^lutely necessary to design a slab for strengdi to resist 
this vertical movement, or in other words, a slab that will act as a beam 
across the roadway. Now that is what you have unless you get that roov^ 
ment. This is not theory. Look at the pavements laid. We have cracks 
all over the country to look at. Now those cracks come from vertical move- 
ment. If you cannot get away from vertical movement, design a slab that 
is going to stand the movement. It is true when we stop to realize it that 
the object of all these discussions is to eliminate cracks. If we can eliminate 
these cracks wc have done something that we can be proud of. If it weren't 
for the cracks concrete would be the ideal pavement. An ideal pavement is 
a pavement that is durable. Can you tell me that a pavement is durable 
when it has cracks in a big percentage of the slabs? The cost of maintenance 
for the first 2 or .1 years amounts to nothing. If you take the records 
of the county in Michigan where these pavements have been laid and see 
the numtKr of cracks they have had in the first 3 or 4 years can you 
tell where those cracks are going in 30 years? Is it worth while to elim- 
inate them? All we have got to do ts design a slab that will withstand 
vertical movement. Removing water out of your foundation according to 
present methods will not do it. We must have an ideal design. 

This road proposition is a big one in this country and if the engineers 
want die best — and that is the concrete pavement — they must get a pave- 
ment without cracks. Concrete is a pavement that is low in first cost and 
one that is easily cleaned. Concrete has everything that goes to make tqi 
the ideal pavement except perhaps durability. 

You have a sample over in Michigan of the finest quality of work diat 
any engineer can ask for, and yet you have occasional cracks throu^ the 
center of the pavement. I built a pavement in my town of a I : l}4 : 3 mix 
that has cracks. We have them all over Illinois with i : i^ : 3 mixes and 
stronger vlth th* *ine!>t gual>tv of w'kmamJiio and •n«»»rioU, yM -^'tfc *■ 
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Evidently it is worth while to eliminate cradu and get an ideal pave- 
ment. Then design a slab that will stand the vertical movement. If rein- 
forcement is necessary and you can get it economically, get il If it takes 
an increased thickness of concrete and you can do that economically, do that 
If there is a better sand, or a better way of preparing it than is die present 
practice, use that. 

We do not want to stand back of a pavement that is subject to wide 
criticism. We can't stop vertical movement now because we can't remove 
the moisture, and our theory on that is wrong. What we must do is to 
design a slab to stand that vertical movement. When that is done we have 
got the ideal pavement. The designing of such a slab is worthy of thorough 
investigation. 

Mr. Hewitt: — We have about 60,000 square yards of pavement in our 
town which is two years old this coming season. I inspected this pavement 
the other day for longitudinal cracks. We have practically no longitudinal 
cracks in the pavament. This pavement was laid on a subgrade in a heavy 
clay soil. Illinois hasn't any better clay than we have. The subgrade was 
crowned to conform to the crown of the pavement. Pavements were all from 
24 to 30 and $0 feet wide. They were laid on a cinder foundation about 
5 inches thick. There were no expansion joints along the curb. The 
transverse expansion joints were laid practically every 35 feet, not squarely 
across the pavement, but at a slight diagonal, in order to remove some of 
the impact of the traffic. The purpose of the cinder foundation was for 
drainage and was to provide for the movement of the pavement that causes 
cracks. The curbs are under-drained, and to show you the necessity for 
under-drainage, about 12 months .in the year they are contributing water 
to the catdi-basins. 

I do not know that there is an)rthing further that I have to say about 
this pavement. We have some bad cracks along the street car tracks that 
were laid in the center of the pavement. Because of the franchise held by 
the street car company I could not compel them to build the pavement the 
way I wanted it built. 

Mr. Morse: — If the street car line runs through the pavement it mi^t 
cause cracks to appear tf the slab was divided by the street cars. 

Mr. Hewitt: — ^The street car track runs down the center of the street. 
The cra<^ that we have are longitudinal cracks. The street is 32 feet wide 
between curbs. 

Mr. John Wilson: — ^Throughout the past 3 years I have been very 
much impressed with the apparent lack of reliable data in regard to the 
treatment and drainage of clay sub-grades. 

It has been the custom in Duluth, where in general we have a dense 
clay tub-soil, to place a tile drain at each curb line for the purpose of drain- 
ing the sub-grade as well as to prevent the curb from being displaced by heav- 
ing. Some years ago a concrete pavement construaed in this way cracked 
very badly. The pavement was of the 2-course type, with expansion joints at 
each gutter and transversely every 50 feet. 

The following season a similar pavement was constructed in the same 
vidnity. In this case, however, the precaution was taken of excavating to 
I dqtth of 6 indies below sub-grade and refilling with gravel. In iddition 
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to pt&cing expansion joints at the curb a longitudinal joint was placed down 
the center of the street, the transverse joints every 25 feet across the street. 
In this case the pavement has cracked but very little. 

Tlie question now arises as to whether this improvement was due to the 
treatment of the sub-base or to the additional joints. It would seem losical, 
however, that the Utter deserves the greater share of the credit, although the 
IhMTOer may have contributed to the success of the pavement. 

This layer of gravel beneath the base has, rather erroneously I think, 
been called a drainage course. Now if proper tile drains arc placed at the 
curb and the excavation over these back-tilled with porous material so as 
to effect perfect drainage at the sides, this layer of gravel, except in case 
of springs under the pavement, can contribute but little to drainage, inasmuch 
as the pavement is practically impervious. If, however, there shotild be 
openings or cracks in the surface of the pavement which will admit water 
this layer would seem rather to increase the amount of water that could 
gain access to the base, and in this way be a detriment. And there are cases 
in the dty where I believe that heaving of the pavement has resulted from 
this very thing. 

If die depth of the tile drain at the sides be made a function of the 
width of the pavement in order that the water plane due to capillarity be 
kept below the surface of sub-grade, the removal of this material and replac- 
ing it with porous material would seem to be a useless expense. 

Nevertheless I am not so sure but that a layer of such material as 
gravel, cinders or sand may serve a useful purpose under a concrete pave- 
ment, with clay sub-grade. May it not act as an insulation between the con- 
crete and clay, and thus prevent the latter from freezing with the same 
intensity as it otherwise would? May it not reduce the frictional resistance 
between the concrete and sub-base; and lastly may it not insure a more pei> 
feet and uniform surface upon which to lay the concrete? 

If the concrete is hauled from the mixer to the pavement in carts it is 
difficult for the inspector to see that all depressions and corresponding ridges 
caused by the tracking of the cart wheels are properly filled and cut down. 
This work is considerably simplified if a layer of sand is to be spread over 
the surface previous to laying the concrete. I have no doubt but that many 
longitudinal cracks are the direct result of wagon or cart track not having 
been cared for after hauling material for the pavement over the sub-grade. 

We propose to include a 2-inch cushion of sand on top of the clay 
sub-base and underneath the concrete pavement for the coming season, not for 
the puipose of drainage, but for the other reasons mentioned. Whether 
this expense is justifiable or not I am not certain, but I am inclined to think so. 

A few questions in regard to this subject which seem unsettled are these: 

Does clay expand or contract upon absorbing moisture within certain 
limits? 

To what height will water rise by capillarity in a heavy clay beneatJi 
an impervious surface? 

And to what depth should a drain at the curb be placed to insure the 
sub-grade being properly drained ? 

To what extent, if any, does a porous laver bf^tween the concrete and 
clay sub-base protect the latter from freezing' 

Mr. Bowditch: — ^There are *wr> fnndaiucuis >iii^|hd Ji ifae report, 
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that any defects in the sub-grade of a concrete road may nullify the care 
given to subsequent Stages of construction. The second is, that the sub^ade 
shall at all times be of unifonn density go tJtat it will not settle unevenly. 

I wish to add a third suggestion which I believe is of equal importance. 
I believe that there should be a fiat sub-grade beneath the concrete pavement. 
If we have a crown in the sub-grade that is hard and unyielding, the passing 
of two heavy trucks down opposite sides of the pavement at the same time 
will tend to make the pavement crack. By building on a flat sub-grade we 
can lay a pavement 4^ or 5^ inches thick at the outside edges and can get 
our crown by additional thickness of the concrete in the middle of the road. 

Mr. F. P. Wilson : — In' Iowa we have a clay that is in quality like that 
of Illinois and Ohio. In 1910 I constructed a roadway i mile in length 
and 40 feet in width on clay subsoil. After the sub-grade had been pre- 
pared it was thoroughly compacted with a steam roller. Along the curb 
on each side, 18 inches from the curb and 18 inches below the sub-grade, I dug 
a trench and laid 6-inch tile parallel to the curb on each side of the street, 
running this drain tile into the manholes at the street intersections. At dif- 
ferent intervals from 25 to 30 feet apart, extending from the drain tile in the 
gutter to the center or crown of the street, I also laid drain tile 4 inches in 
diameter, 16 inches below the sub-grade. These trenches were filled with 
hard-burned cinders. In December a delegation of gentlemen from Montana 
visited my city and I took the covers off these manholes and found the water 
trickling into the manholes. That pavement has not a longitudinal crack 
in its entire surface. 

Mr. Gillette: — ^There is one practice that has not been mentioned here 
which is used quite extensively in the state of California, namely, in treating 
sub-grades to excavate or plow to a depth of 6 inches below the proposed 
elevation of the sub-grade. The purpose is to loosen all the material, har- 
row it, cultivate it until it is comminuted into small particles. Then the 
sub-grade is rolled with what is called a rolling tamper, whose projecting 
lugs reach down to the bottom of the plowed soil and start packing the soil 
toward the bottom, gradually working toward the top, until the tamper 
rides on the completed hard surface of the road. Another method which 
has more recently been introduced is to excavate entirely 6 inches of earth, 
throw it up on the side, and then throw it back in J^-inch and i-inch layers 
and roll it with a steam roller. In that way, a perfect, uniformly compacted 
sub-grade is secured. 

Professor Talbot: — I call your attention to conditions that prevail in 
Pennsylvania. I think the same conditions prevail in Vermont. We have 
there a condition of side hill work, where it is practically impossible to buiM 
a road without widening the existing road. Sometimes there are 40 ot 
50 feet to the place where the slope stakes must be set. If such stakes 
were set at the bottom of the fills it would usually be necessary to excavate 
on the up-hill side and place the pavement partially on the old roadbed 
and partially on the cut rather than on the fill. I have noticed several roads 
where they have tried to place them on the fill, and the fill always got away 
from them. In that connection I would like to call your attention to the 
necessity, where a fill is widened, of cither stepping down the old fill or else 
plowing the surface of the ilope of the fill, as ha* been practiced in nil' 
road woric 
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The question of grading on side hill work has not been toudied. It 
seems to me that we have a large number of conditions, such as the slope 
of the strata, that will determine whether or not our road will be a wet 
road or a dry road; and if the strata are sloped toward the road so as to 
have an tip-hill slope, this condition should be taken into consideration. Under 
such conditions, it would seem advisable to go up-hill some distance and place 
a secondary ditch to catch the surface water and turn it away from the road, 
and then put the regular ditch slightly above the main road on the ditch 
line of the road to take care of the surface water between the two ditches 
and such ground water as might come out. Then an under-drain should 
be used on the up-hill side and a sufficient surface drain used to carry the 
water across the road and into the ditches. 

Referring to the use of the sub-base and the placing of concrete, we get 
into the condition of the strata and ground water. It seems to me that 
our drains would be more effective than a sub-grade. Let us use this floor 
as an example. If a concrete pavement were placed on the floor the water 
must move longitudinally to the pavement until it gets to the edges to get 
out. If we use a cinder bed or gravel base the water will move longi- 
tudinally along the sub-base until it gets to the outlet and then be carried 
out. The result would be that our sub-base will be a drain, not a pro- 
tection to the pavement, and will be a drain which will always be more 
or less wet, and which in case of freezing will be more disadvantageous riisn 
clay. I believe that drainage on the side, in connection with these drains, 
is more effective than the gravel or cinder sub-base. 
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REPORT OF COMMITTEE V 
REINFORCEMENT OF CONCRETE ROADS 



He!1RV E. RIGGS RtCHAU L. HUMPKEET 

Profesior of Civil EDgioeering, UniTer- President, AmcTicio Concrete Inititute, 
lity of Michigan, Ann Arbor, Mich. Philadelphia, Pa. 

The ideal pavement should have a surface of a character that will prevent 
slipping, free from waves and without joints or cracks. Of the paving 
materials available, concrete more nearly meets this condition than any other. 
Since concrete has little tensile strength, it is inelastic and cracks may develop 
from the following causes: 

a. Changes in temperature. 

b. Variation in the percentage of moisture in the concrete, 
c Defective foundation. 

d. Improper drainage. 

e. Insufficient thickness in slab to carry the traffic. 

f. Faulty construction. 

It is necessary, therefore, in a pavement properly designed and constructed, 
to minimize the cradu resulting from the above causes by imbedding a rein- 
forcement in the concrete which will so distribute the tensile stresses as to 
prevent formation of larger cracks. 

Cracks of any character are objectionable in concrete roads and any 
preventative deserves oinside ration. When a pavement is properly reinforced 
objectionable cracks cannot develop. Such cracks arc always objectionable 
from the fact that they become filled with dirt or other foreign matter and 
the edges will spall off and create rou^ spots in the road, whidi can newr 
return to its original condition. 

a. Reinforcement for temperature changes 

The effect of an increase of temperature is to increase the length or 
expand the concrete pavement and a decrease in temperature is to decrease 
or shorten the pavement. In the latter case, assuming that there is no rein- 
forcement, cradts will form at more or less regular intervals. These cradn 
will occur at right angles to the direction of the line of the roadway at inter- 
vals of 35 or 50 feet. Since concrete and steel have practically the same 
coefficient of expansion, namely, 0.000005S, the two materials will expand or 
contract equally under temperature diangcs, but the presence of the steel 
prevents the entire effect from being localized at one point and distributes the 
stress over a considerable q>ace, thereby preventing any large cracks. The 
common practice is to provide joints in concrete pavementi that are not rein- 
forced at intervils of fran 25 to 50 feet. Through die use of reiafoioement 
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the spacing of these joints may be very matxrially increased and it is ponible to 
so reinforce a concrete road as to render joints either wholly unnecessaiy or 
at extremely long intervals. By properly reinforcing the roadway the thick- 
ness may within limits be decreased, thereby increasing the serviceability of 
the roadway and decreasing the cost. 

b. Variation in the percentage of moisture in the concrete 
Experiments seem to indicate that concrete expands when thoroughly 
wetted and shrinks when thoroughly dried out, and diat the change of length 
due to this cause is about 0.003 P<r unit of length. Experiments seem also to 
show that expansion and contraction, due to the variable content of moisture 
which results from extreme wet or dry weather, produces cracks in die 
concrete, unless the pavement is sufficiently reinforced to distribute these 
stresses in the manner described under reinforcement for temperature changes. 
Further proof is desirable, however, before this fact is accepted, anij further 
experiments are needed to show the effect of density and mass on the per cent 
of moisture in concrete. It seems likely that a very dense mass of concrete of 
some thickness will only be superficially affected and the mass will not be 
materially afiected. 

c Defective foundation 
Concrete pavements laid on a subgrade which contains fills or other 
soft places which are liable to settle, thus leaving the concrete pavement 
without proper support, will result in cracks unless the pavement be sufficiendy 
reinforced to distribute the load over a larger area, thereby bridging over these 
soft places where there has been settlement in the subgrade. 

d. Improper drainage 

It is essential that the roadway shall be properly drained; otherwise die 
collection of water in the subgrade will tend to produce settlement or other 
disturbance and result in the cracking of a pavement without reinforcement. 

Concrete pavements when reinforced will so distribute the load over these 
toft spots as to reduce the cracking to a minimum. 

e. Insufficient thickness of slab to carry the traffic 
Where the traffic on the road is very heavy it frequently happens that the 
concrete un-reinforced is insufficient in thickness to support this load, espe- 
cially if the subgrade is not of suitable character, and both longitudinal and 
transverse cracks arc the result. Settlement in the foundation under heavy 
traffic will produce objectionable longitudinal cracks. The introduction of 
reinforcement in the pavement distributes the load and thereby prevents the 
formation of these cracks. 

f. Faulty construction 

These same cracks and imperfections appear when faulty construction 
occurs, which is generally the result of improper design or supervision, or 
both. 

The percentage of reinforcement required in a concrete roadway will 
depend on the nature of the traffic, the conditions in the subgrade and the 
range of temperature and the variarion in percentage of moisture. 

This committee i* of the opinion that all concrete roadways mid be 
reinforced with a fabricated reinforcement and undo-iKtedly, i d ol 
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that through the pnq>er use of rnnforccineiit the cost of a concrete pavement 
may be decreased and the cracks so distributed as to be practically invisible, 
thereby preventing objectionable breaks in the surface and decreasing the cost 
of maintenance. 

The amount of reinforcement to be used should be determined by an 
engineer familiar with the local conditions. The range of temperature and 
the percentage of moisture varies with each locality, as docs the character of 
the traffic over the roadway; it is evident, therefore, that cadi roadway must 
be studied to suit these conditions. 

The soil composing the subgrade will vary in different localities. It will 
be found advantageous and necessary to use additional reinforcement where 
the subsoil is of tn inferior character or the road is on a fill, or any condition 
where there is likely to be considerable settlement in the subgrade. 

Your committee, therefore, is unable to prescribe the exact amount of 
reinforcement required since it will vary with each road. In general, how- 
ever, the reinforcement should be about i/io of i per cent per foot of width. 
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REPORT OF COMMITTEE VI 

METHODS AND COST OF REPAIRING AND 
MAINTAINING CONCRETE ROADS 

Chairmam — Edwakd N. Hines 
Chunnan Boaid of County Road Commiitionen, Wayne County, Detroit, Mich. 

J. S. McCuLLOucH F. P. Wilson 

City Engineer, Fond du Lac, Wii. City Engineer, Maion City, Iowa 

In preparing and presenting a report on Methods and Costs of Repairing 
and Maintaining Concrete Roads, we assume that it has to deal with the 
metaled surface rather than the shoulders, ditches or sides, and with this end 
in view we arc presenting the individual experience of the members of your 
committee to whom this subject has been assigned. 

With the opportunity to make a field study, having partly in charge at 
least the many miles of concrete roads in Wayne County, some of which are 
now in their fifth year of service, it seems to me that the actual experience 
and methods followed arc of more value than any laboratory experiment or 
theoretical discussion. We, in Wayne County, have followed two methods 
in maintaining the concrete roads, the first of which consists in lilting the 
open expansion joint on the roads first built before the development and use 
of the armor joint, and in the filling with a mastic such longitudinal and 
transverse cracks as have developed. 

A crew consisting of 7 men and a team, provided with a tar kettle, is 
utilized for the work. The foreman is paid $5.00 a day, the team and driver 
$5.00 a day, the "tar man" $3.00 a day, two laborers at $2.50 each and 
two laborers at $2.25 each. The tools used consist of two wire bristle 
brooms, a wheelbarrow, a couple of shovels and a tar bucket with a round 
spout. Tarvia X is now used exclusively. A lighter grade was first tried 
out, but did not give such permanent results as the heavier grade. Two 
men are utilized to sweep all cracks clean with the wire brooms, after which 
the man with the tar kettle fills the cracks with the tar which is heated to 
about 225 degrees Fahrenheit. An excess of tar is poured in so that it extends 
an inch or so beyond the edge of the crack. It is then allowed to stand in 
the crack for a few minutes to prevent it from "bubbling" out in case the 
sand is wet The sand, which should be dry and coarse, is ^read with a 
shovel over the crack and into the tar, and the whole is left for traffic to 
iron out. The excess tar and sand is worn away rapidly, leaving a smooth, 
even surface, over which no jolt is apparent in passing either with a horse 
drawn or motor driven vehicle. This method of repair prevents the edges 
of the concrete from spalling and chipping, and no water can get through 
to tfie subgrade to freeze and heave in cold weather. 

The work is preferably done on hot, dry days. It has been suggested to 
us that the better time to handle this work would be in the late fall when 
the cracks would be open the widest due to contraction, but de results we 
have secured in die nimiDer tamdis have been so satiafactory that we have 
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not tried out the latter plan. The small pit holes which are due simply to 
some foreign substance gietting into the concrete like day, wood or some 
fragment of inferior rock which might chance to be a part of the aggregate, 
are treated in the same manner. As to the cost of this method, we desire to 
present a verbatim report of the engineering staff, Messrs. George A. Ding- 
man and Gcoi^ F. Key, to the Board of County Road Commissioners: 

Michigan Ave. Road Tar. . . .20 bbl. at $ 6.00 $i20.cxi 

17 miles Labor. . 10 da. at 22.50 225.00 

Sand. . . 18 yds. at 2.00 36.00 $381.00 

Grand River Road Tar 14 bbl. at 6.00 84.00 

10 miles Labor.. 6 da. at 22.50 135.00 

Sand. . . 8 yd. at 2.00 16.00 235.00 

Gratiot Road Tar. ... 3 bbl. at 6.00 18.00 

ij^ miles Labor., z da. at 22.50 45-oo 

Sand. . . 4 yd. at 2.00 8.00 71.00 

Jefferson Road Tar. ... 6 bbl. at 6.00 36.00 

i^ miles Labor. . 2 da. at 22.50 45-oo 

Sand. . . 4 yd. at 2.00 8.(» 89.00 

Van Dyke Road Tar 5 bbl. at 6.00 30.03 

2H miles Labor.. iH^^a.at 22.50 33.75 

Sand... 4yd. at z.oo g.oo 83.00 

Mt. Elliott Road Tar 3 bbl. at 6.00 18.00 

I H miles Labor.. iH<l2- at 22.50 33.75 

Sand... 4H yd. at 2.00 9.00 60.75 

River Road Tar 10 bbl. at 6.00 60.00 

7 miles Labor.. 5 da. at 22.50 112.50 

Sand... 12 yd. at 2.00 24.00 196.50 

Eureka Road Tar 4 bbl. at 6.00 24.00 

4^ miles Labor. . 2 da. at Z2.50 45.00 

Sand... 4yd. at 2.00 8.00 77<oo 

Wa]me Road South Tar i bbl. at 6.00 6.00 

y^ mile Labor. . H ^'>- at 22.50 11.25 

Sand... iHyd-at *-oo 3-oo X0.S5 

Woodward Ave. Road Tar 5 bbl. at 6.00 30.00 

2}i milea Labor. . s da. at 22.50 45.00 

Sand... 6yd. at 3.OO I2J» 87x0 

51 milei Total $itS0O.SQ 
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A percentage was added to cover engineers, inspectors and the depredatioa 
of machinery and building and other "overhead" charges, totaling approx- 
imately $1,450. (See page 39, Seventh Annual Report.) This report covers 
the fiscal year of the Board from October 1, 1912, to September 30, 1913, 
inclusive. The greater part of this mileage was treated for the first time. 
Once a year is often enough to go over the work and touch it up here and 
there, as we have found hy e^qterience that the bulk of the repairs previously 
made is intact. 

We have not had as good success in treating the entire surface of a mad 
where the concrete from any cause has not stood the wear. One-half mile 
of concrete on Fort Road, built by Porath & Son, about 800 feet on Grand 
River Road, built by the Owosso Construction Company, and i^ of a mile 
on Gratiot Road, out of the 80 odd miles of concrete road in Wayne County, 
are not up to the standard of the balance of the construction, and they have 
been surfaced with Dolarway, a special grade of Tarvia and Tarvia X. The 
surfaces of Fort and Gratiot Roads were both rough, having been built in 
cold weather, and opened for traffic before the concrete had thoroug^y 
hardened. Fort Road was surfaced by the contractor before the Board 
would accept the road and make the final payment. It carries a fairly heavy 
mixed traffic, not as great, however, as cither Grand River or Gratiot Roads. 
A special grade of Tarvia was used, furnished by the Barrett Manufacturing 
Co. The road was first swept by a street sweeper which was followed by 
men with wire brooms. About yi gallon of bitumen to the square yard was 
used, and the whole covered with coarse sand and rolled with a lo-ton roller. 
This repair was made early in the summer and was not touched in any manner 
for a period of 2 years. By this time it had scaled off in spots quite badly, and 
was gone over again in the summer of 1913, using Tarvia X and a washed 
roofing gravel about 34 inch in size. We have no record of what the first 
cost was to the contractor, as we paid nothing for it. 

Gratiot Road was surfaced at cost to us by the Dolarway people in the 
spring of 1912. By the summer of 1913 about half of the original coating 
had scaled off, at which time we patched it up, using a special grade of 
Tarvia and Tarvia X. The Tarvia X has given the better result to date. 
Washed roofing gravel was used with the bitumen. This work was also 
rolled with a lo-ton roller. Gratiot Road carries an average traffic of over 
1,000 vehicles a day. (On the last count made one week in August and one 
week in September the average traffic per day was 1,210, of which 36 per 
cent was motor traffic and 64 per cent horse drawn vehicles.) The surface 
of the road is wavy, and we have found it necessary to go over the work 
two or three times during the summer, touching up small spots here and there 
where it had scaled off. The cost of the work done by our Board is in the 
neighborhood of 9 cents a square yard. 

EDWARD N. HINES. 
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MAINTAINING CONCRETE ROADS 

METHODS OF REPAIR OF CONCRETE PAVEMENTS, 
FOND DU LAC, WISCONSIN 

The repairs on our pavements to the present time have been taken care of 
entirely by contractors who built the pavements, and is part of their obttga- 
tion, under our contract. The pavements are guaranteed for 5 years, and our 
oldest work was 5 years old this past summer. 

The method of repairing cracks is similar to that in use in Wayne County. 
Both Asphalt and Tarvia have been used, but we find Tarvia gives the better 
results. 

Wc have had some work of replacing pavement cut out for installing 
service pipes, such as sewers, gas, and water, also a long piece for installation 
of telephone conduit. The telephone work was done by contract by the 
telephone company; all other repair of such excavations has been done by 
the city through its repair gang. 

The excavation is made by the public utility after receiving permit tnat 
the Board of Public Works. Excavation is required to be b^ lilted with 
gravel, sand, or crushed stone to sub-grade of pavement. Our men then 
proceed to trim the edges of hole so walb of cut are as near perpendicular a* 
possible. Mixture same as original pavement is then put in and finished 
same as original work. Traffic is kept ofi until concrete is hard. Where 
the work has been carefully done we have had good success in making such 
patches. The cost will not exceed that of replacing brick that arc cement 
grouted and, in fact, what records we have would indicate that concrete 
pavement patches can be replaced more cheaply than the brick. 

J. S. McCULLOUGH. 

EXPERIENCE AT MASON CITY, IOWA 

Mr. Hines' experience as given in his paper on the topic, "Methods and 
Costs of Repairing and Maintaining Concrete Roads," I have carefully read, 
and the contents of the same describe methods I have used on the maintenance 
of cement city streets and I consider them most practicable and economical 
methods for maintaining a concrete road or pavement. If the roadway or 
pavement is given a careful inspection at least twice a year and all the defects 
filled with Tarvia X and coarse, clean sand, free from loam or day, put on 
the road or street when the same is perfectly dry, clean and free from any 
foreign substance, when the temperature of the weather is at least 80 to 90 
degrees Fahrenheit, good results will follow and the concrete road or 
pavement will last indefinitely and the cost of maintenance will be reduced 
to a minimum. 

It has been my experience as an engineer during the past 6 years in the 
design and construction of approximately 300,000 square yards of cement 
paving for city streets that to reduce the cost of repair and maintenance to 
a minimum, the following rules should be carefully carried out in the coo- 
structton of cement streets or roads: 

1st. To have the sub-grade thoroughly drained, where it is necessai7i 
by using farm drain tile not less than 4 inches in diameter, after whidi the 
sub-grade should be rolled and compaaed with a heavy steam roller until it 
is perfectly solid over its entire surface. 

2nd. After the sub-grade has been prepared, great care should be taken 
to keep it wet, before placing the concrete, as a dry sub-grade draw* tbe 
owMtuK from tbe concrete mixtim and is diua hinnfuL 
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3rd. Have a first class Portland cement that will pass the requtrements 
of the American Society for Testins Materials. 

4th. Have a sharp, clean sand, which does not contain more than 3 per 
cent of loam. 

5th. Have a good hard stone or gravel, free from dust, loam or day 
and crushed so that it runs from ^ inch to ij4 inches in size, 66 per cent 
of the stone to be the coarser and 34 per cent the finer of the stone aggregates. 

6th. The fine aggregates and coarse a^regates should be thoroug^y 
mixed with an up-to-date batch mixer, until all the stone is coated and is of 
such consistency that all that is required is to level off the mass so that the con- 
crete runs into place, no tamping being required and a dense compact volume 
is obtained. 

7th. Have an expansion joint 1 inch in width left next to the curb on 
each side of the street, this space to be filled with an asphalt filler. Hm 
transverse expansion joints ^ inch in width left every 37 feet 6 inches at rig^t 
angles with the curbs, these expansion joints to be protected on either side 
with steel plates, 2% inches in depth, J4 ■'^^ 't^ thickness, with a shear 
member 6 inches in length cut out of the sides of the plates at equal distances 
and bent at right angles and extending into the concrete, these steel plates 
to be not less than 15 feet in length. Between these plates place a diree-ply 
tar felt paper especially prepared for the expansion joint. 

8th. Finish the surface of pavement with a wood float, made of a coarse 
grained soft wood, so as to give a uniform rough surface which will give « 
good foothold. 

9th. The curing of concrete pavement is one of the most important 
features and on it depends the durability and strength. The pavement, imme- 
diately after it is laid, should be covered and protected from the sun, and is 
soon as it is hard enough, should be sprinJded daily and kept wet not leas 
than 8 days. 

lOth. Concrete paving, where the width of roadway is more than 20 
feet between curbs, should he reinforced with No. 7 American Wire, to 
eliminate cracks or cracking. 

nth. A concrete pavement, after it is laid, should be protected and the 
trafRc kept off for at least 3 weeks, so as to give it a chance to thorougjily 
harden. 

I2th. To obtain a first-class result in the construction of concrete streets, 
also to reduce the maintenance of the same to a low cost, every detail as 
heretofore described must be followed. The methods described I have fol- 
lowed in the State of Iowa and other states in the Northwest in the construc- 
tion of concrete streets, and the results speak for themselves. 

F. P. WILSON. 
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REPORT OF COMMITTEE VII 
SHOULDERS FOR CONCRETE ROADS 

CA«>»d»— Maj. W. W. Croibt 
Baltimore, Md. 

E. A. KiNCSLET JOHK H. MuLLIN, SttTttary 

State Highnay EDgineer Minneiota Roadraikert AitociatioD 

Little Roci, Ark. St. Paul, Minn. 

With the almost universal tetidency in concrete-road construction to keep 
the width of the concrete as low as practicable, in order to reduce the first 
cost (per mile) of the improvement of a road, has come, in many cases at 
least, a neglect of proper consideration of the matter of shoulders. In many 
cases the neglect referred to has unquestionably resulted in extravagance and 
waste in the long run, even if it has secured economy in first cost. 

While authenticated records covering reasonable periods and concerning 
the relative expense for the proper maintenance of road-crusts and of shoulders 
respectively are not readily available, certain instances of such records (as 
published concerning Park Heights Avenue, near Baltimore, Maiyland*) 
together with the individual experiences related by many authorities, tend to 
show that the shoulder maintenance costs may be no inconsiderable part of 
the total maintenance costs of a modern road, and that it may often be real 
economy to build the road-crusts wider in order to reduce this annual expense 
for maintaining the shoulders and thus the total maintenance cost per square 
yard. From the Park Heights Avenue records above referred to it may be 
seen that, although the travel over the 24-foot wide sections was 4 time* 
that over the 12 and 14-foot sections, the cost of maintenance per square yard 
of the road<rusts of the latter was more than twice that of the crusts on the 
wider sections, and the cost of maintenance of the shoulders on the narrower 
sections was nearly 3 times that for the shoulders along the wider crusts. 
Indeed the economy in maintenance on both the shoulders and road-crusts 
of the wider sections indicates that, in a loyear period from the date of 
construction, real economy would have been had by increasing the width of 
the road-crusts so that nowhere would the latter have been less than 18 feet. 

But the subject for consideration is not "The Economical Widths of 
Road-Crusts" but "Shoulders for Concrete Roads", and after the above specific 
illustration of the importance of shoulder consideration that of the actual 
subject may be resumed. 

The actual width of the concrete roadway to be built must be determined 
by the tralRc conditions to be expected on the road, and if these are sufKcientlf 
heavy to warrant so doing, it will probably be economical often to make the 
oincrete itself wide enough to permit the passing of two lines of traffic wholly 
on its surface and without any necessity for either of passing vehicles to travd 
off the concrete onto the shoulder. On the other hand, trafEc and other con- 
ditions may be such as to permit the greatest economy to be had by making 
the concrete only wide enough for one line of traffic and allowing the 
occasionally passing vehicle to travel on the shoulder for the moment. 
"Proc. Am. Boc C. E.. VoL TTTTX, Ko. 7. p. 1706, etc 
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The inunediate vicinity of the line of contact between the edge of the 
concrete and the shoulder material will be found to be the tender region of 
both the road-crust and of the shoulder. The high rigidity of the concrete 
road and consequently the greater contrast between such a road-crust and 
other material usually available for shoulders increase the importance of the 
careful consideration in the matter. 

Where the concrete road-crust is so narrow that vehicles are almost cod- 
stantty, in avoiding others, passing from the concrete to the shoulder, serious 
wear of both the road-crust and the shoulder will be found to take place 
al(Hig the region of contact referred to, and this wear is frequently accom- 
panied by the formation of a rut in the shoulder, which holds water in wet 
weather and thus endangers the foundation of the road. Some of the pasung 
traffic will undoubtedly turn out onto the shoulder further than the rest, but 
at the extreme outside of the shoulder the travel over it may be so light and 
infrequent that the natural material there is not strained beyond what might 
be called "its elastic limit," and there then is no reason, on this account at 
least, for its replacement at any extra cost. 

It will therefore be seen that the selection of the material and methods 
for the construction of shoulders to a concrete road requires the use of some- 
thing between the natural soil, at the outside extremes, and the concrete itself; 
that the choices are determined by local conditions, such as availabUi^ of 
different materials and methods, width of the concrete road-crust, amount of 
traffic, etc., etc. ; and that the wearing abilities or "elastic limits" of the shoul- 
der material at any point should be outside or above the stresses to be expected 
at that point. 

The passage of traffic from the pavement to soft adjacent material can of 
course be absolutely prevented, and the protection of the edges of the pavement 
be had by the installatitm of a raised edging or curb, as in the cases of most 
streets. The necessary reinforcement of the shoulder where no raised curb is to 
prevent traffic on it may be had in various ways. One would, of course, be 
to widen the concrete road-crust to such an extent as to preclude any poM- 
bility of traffic going off it. In doing this the center thickness of the crust 
need not necessarily be preserved to its edges but the thickness may be t^>ered 
down somewhat at the outsides. Or this widening (and tapering down in 
thickness) of the road-crust may be done over a portion of what might other- 
wise be the shoulder and then the reinforcement continued by the use of 
macadam or pit-gravel or other materials as may be necessary. Again, the 
width of the concrete road crust being fixed, the shoulder reinforcement may he 
bad by the construction of pitch concrete, pitch macadam, water bound 
macadam (with or without a pitch carpet), etc., etc., adjoining the concrete 
road, all as may be necessary and desirable under the local conditions. The 
actual determination must be left to competent parties who will give due 
consideration to the local conditions and the principles referred to above. 

This Committee therefore endorses with its approval and recommends the 
adoption by this body of a clause similar to that in the recent Report of the 
Special Committee (on Bitirniinous Materials for Road Construction, etc) of 
The American Society of Civil Engineers, and as follows: 

"Where Cement-Concrete Pavements are laid the edges should be pn^ 
tected and a sudden transition, from the pavme"' to any softer shoulder amr 
terial, avoided by mean^ *>f cen»ent-«in«'rrt> .' -b-r ^tiinat or sucli idii* 
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DISCUSSION 

Mr. Mullen: — In Minnesota we have built a great deal of 8-foot 
road and are still building it. It is proving quite satisfactory. There is no 
appreciable wear on the concrete at the edge. We build i^at might be 
called a concrete track in a macadam road to take care of the wear. In some 
places it is difficult to get crushed rock to build macadam shoulden for our 
concrete roads and this necessitates the use of gravel shoulders. With the 
narrow concrete and gravel shoulders there is some danger to traffic Auto- 
mobile drivers on the concrete will speed up and sometimes in turning out 
hit ^e gravel in sudi a way as to result in accidents. We have had that 
condition to contend with and to meet the condition the shoiddcrs of the 
road must be very compact. 

It is suggested that it might be advisable instead of having a gravel 
shoulder on each side of the narrow concrete track, to make a 2-track 
road; that is, in cases where only narrow concrete is to be built. With a 
2-track road the concrete would be placed on the right-hand side going 
to town so that it would bear the heaviest of the traffic and the gravel would 
be placed on the other side. Often in good weather teamsters prefer to use 
gravel or macadam road. This is a point that I think is worthy of con- 
sideration. 

Mr. Tunnidifl: — I wish to ask if there is anyone here who has had any 
experience with a concrete country road built with carpets along the edges. 

Mr. Larnedi' — I think the recoounendation for the adoption of the sug- 
gestion of the American Society of Civil Engineers is an important one, and 
that is, in the case of shoulders with a bituminous binder or carpet, it would 
serve to facilitate drainage and prevent absorption of water into the shoulder 
immediately adjacent to the slab, thus serving to prevent injuries to the slab 
at a later time. If the shoulder is sealed in diat way by an oil blanket or by 
some penetration method, it will certainly serve to shed water more rapidly. 
I think that when we consider traffic conditions we seldom take into account 
that the improved road brings about conditions that we have never experi- 
enced before over that particular road. When we observe the number and 
character of vehicles passing over the road, we are often led to wrong con- 
clusions, when we consider what the road will have to do when it doe* 
become improved. The improvement changes the character of traffic imme- 
diately. Hig^ speed is a pretty hard thing to prevent, and for safety alone, 
I believe that the road should be wide enough to admit the passing of 
vehicles at moderate speed without the necessity of going ofl on the shoulden. 
This certainly would protect the shoulders, reduce the cost of maintenance 
and be much lafer. 

Mr. Morse: — It has been stated that 8-foot pavements are giving satis- 
faction in Minnesota. One gentleman declares that it would be well to 
increase this width to permit the passage of two vehicles. When we increase 
the width we get into a more expensive proposition. The 8-foot pave- 
ment in Minnesota is built 6 inches in thickness and it does not craxk. 
When we increase the width of that road to i6 feet, we must either increiM 
the thickness or I fear there will be danger of longitudinal cracks. While I 
believe in a wide pavement I see this difficulty. 

Mr. Mullen: — I widi to call your attentkxi to that part of (he rqrait 
whidi Mates that, "In i lo^ear period fion tlw date of oHistniction ml 
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economy would have been had by increasing the width of the road crusts, 
so that nowhere would the latter have been less than i8 feet." 

I believe a greater width would be safer because we £nd that the traffic 
is greatly changed after a concrete road is built, and where the funds will 
permit of it, a wider road should be built. In Minnesota, where we have 
built the narrow roads, it has been a question of expense largely. But the 
narrow road has proven satisfactory with the exception of the possible con- 
dition I mention. However, unless good material is used in the narrow 
roads where the travel is concentrated into such a narrow area the results are 
liable to be unsatisfactory. You must have excellent work to make a success 
of the narrow pavement. 
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REPORT OF COMMITTEE VIII 

BITUMINOUS SURFACES FOR CONCRETE 
ROADS 

Chairman— E. J. Mihmn 

Editor EDgioceiiiig Record, New York City 

Henbt G. Shirley James R. Mauik 

Chief Engineer, Stale Roadt Conuniaiion State Highnay CommuaioDer 

BaltioMire, Md. Columbua, O. 

The practice of covering a concrete road with a bituminous surface U 
of such recent origin, and the methods and materials used have been given 
so little scientific study that it is not possible at the present time to draw 
conclusions as to its value. The differences of opinion fall into two chief 
classes: 

1. As to the advisability of preventing a concrete road from fulfilling 
its primary function — that of directly carrying traffic, and 

2. As to the materials and methods which the present inadequate 
experience indicates are the best. 

Fundamentally, it would appear that the surfacing of a concrete road 
implies a lack of confidence in the ability of concrete to withstand traffic 
Many hold that the concrete of itself should bear the brunt and that the 
use of a protective medium is a confession that concrete has failed to justify 
the hopes held out for it. 

On the other hand, are those who contend that a concrete pavement, 
no matter how well laid, will sooner or later crack and pit in spots, and, 
since these cracks and pits will be patched with bituminous material, it is 
wise to prevent this entirely by laying a carpet on the concrete surface. 

As to the materials and methods suitable for coverings there are equally 
wide differences of opinion. This is undoubtedly due to lack of sufficient 
experience. On one point, however, there is a well defined opinion diat tar 
is more suitable for carpet coats than asphalt. On the other hand, there is 
Bome testimony that asphalt has given good results. 

It would appear, therefore, that investigations of bituminous surfacea for 
concrete roads should be divided into two puts: 

1. Should concrete roads themselves bear die brunt of the traffic, or 
should some bitimiinoiu matenal be interposed to take the wear? 

2. What has experience shown with reference to different materiab 
and methods of qiplicadon? 

In conclusion, one point can be safely cmphanzed. It admits of no di»> 
cussion. The concrete pavement itself, even if it is to be covered by a 
bituminous cnat, should be laid with a much care as if it were not to be 
protected. This applies to the prcparadoo of die nib-gnde, and die pro- 
portkning, mixiag. IiTint nd eorinf of ancicte. 
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DISCUSSION 

Mr. Larncd: — I beg to offer this suggestion in connection with the appli- 
cation of any bituminous covering for concrete. It has been found veiy 
difficult to secure a satisfactory bond between this layer and the concrete 
surface. I believe that this has been primarily caused by the presence of 
very fine particles of dust, which serve as a waterproof coat ; and where the 
ordinary method of treating concrete will be by a street broom, followed 
perhaps by wire brooms, I believe you naturally add to the dust. I suggest 
that if some means could be found of applying an air-blast, by means of an 
ordinary pump carried on wheels, after die heavy dirt has been swept off, Ae 
surface can be more satisfactorily and thoroughly cleaned by air-blast than by 
any system of brooming. Furthermore, I believe diat the concrete surface should 
be wet, prior to the application of any bituminous binder, and that the moisture 
should be allowed to disappear from the surface. I believe that any filler 
that is added will find a better bond if this practice is followed. Now water 
will dean the surface much better than brooming, and if you have ample 
water, as in city streets, I would dean tfie pavement with a hose. 

I know of an insUnce In New Hampshire where an old Hassam pave- 
ment was in good condition but a little unsightly because of cracks. The 
pavement was thorou^ly deaned by a hose, and a half inch or less of 
bituminous coating was put on top with good results. The top is still in 
good condition today. 

Mr. TunnidifE:—-! have had some experience with the application of 
bituminous tops, but my experience has been wholly with Dolarway. I find 
that the presence of partides of dirt, or any foreign matter, on the pavement 
makes an insecure bond. My experience shows also that moisture in the 
concrete makes an imperfect bond, just as dirt does. I have tried this out 
with concrete that has been laid at various times. At the time that we 
would apply the top coat we would start with concrete that had been laid 
for 4 weeks and we would cover a stretch of concreting and get up to 
where the concrete had been laid for probably lo days. It was my experience 
that the concrete that was down the shortest length of time was the place 
where the top coat scaled off more quickly. I cannot account for that in any 
way, exc^t because of additional moisture in the concrete. 

Mr. Boorman : — There is now a system of assisting the binders. A very 
light oil is applied and evaporated, then upon application some heavier o^ 
will take hold perfectly. 

Mr. Gillette: — I think Mr. Lamed is right in his contention that wetting 
concrete will cause asphaltic oil to sink into it, and bind better. I think the 
previous speaker is right if we are going to put filling on it, but it will hdp 
it if you are going to put on asphaltic oil. 

Mr. Lamed : — The question of applying a bituminous binder to the con- 
crete that is 6 or 8, or even lO days, old is a very different proposition from 
applying a binder when the concrete is 8 or lo years old. The piece of road 
I am speaking of is 8 or lo years old and has acquired its set and is not in 
process of shrinkage, as would be the case in new concrete. The shrinkage 
in new concrete will very naturally cause the separation between the binder 
and the concrete. I do not mean to suggest that enou^ water be left in the 
concrete to cause diis trouble ; I mean that the purpose of the qtplication of 

Vftr- 'f (f th'>'~"'«'»l' *J»an *h* •nrfai* in/ Jifti tn Aiaaori'^r, In eficCt tiv 
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concrfte looks absolutely dry when the water has disappeared. That is the 
prime essential in the whole proposition. 

Mr. Hewitt: — I have found in applying tar to a concrete road surface 
that the road had to be perfectly diy. I found also in cases where the con- 
tractor had insisted on using an abundance of water in making his concrete 
that it seemed to bring out what we ordinarily call laitance, to the surface 
of the pavement, which made a film on the top of the pavement and whidi 
we had to remove before the tar would stick to the pavement. I wish to 
ask, if any member of this Association has tried to apply two coats, Aist 
applying one coat very hot, then afterwards one not so hot, and then putting 
the gravel on top. 

Mr, Mehren: — Some specimens of stripped carpets were shown to the 
committee. On the bottom of these strips was a layer apparently of set 
concrete, ranging in thickness from i/i6 to ^ of an indi. We made 
inquiry regarding the construction of the piece of road from which this 
strip of peeled material had come. It was tarred, by the way, and we 
were informed that the section was laid under the most rigid inspection, and 
that it had been carefully broomed before the bituminous material was applied; 
and further, that the inspector had particularly been directed to see that 
there was no dust on the surface. The only conclusion we could reach was 
that the concrete had been laid or mixed with an excess of water, and that 
this coat on the bottom of the peeled tar was laitance. 
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FINISHING AND CURING CONCRETE 
ROAD SURFACES 

ChatTTKan—T. E. Tukneaure 

Deao, College of EngioeeTUig 

Univenity of Wiiconiio 

MidiaoD, Wiiconiin 

H. J. KuBLLiHG E. D. Bor» 

President, WiiconiiD Highway Commii- Engineer, The Ailu Portlaod Cement 

*ioner*' Atwdation Co, Nen York City 

Milwaukee, WiMoosin 

No attempt has been made to formulate specific recommendations or 
spedfications, but we have endeavored to analyze the subject and present 
the salient features in a manner which may fonn a basis of discussion and 
future consideration. 

In finishing and curing a concrete pavement the operations may be con- 
sidered in three parts: 

I. The securing of a surface which shall, in general, have the desired 
grade and cross-section. 

3. Finishing the surface so as to secure the desired degree of smoothness. 

3. Curing of the concrete so as to produce as hard and dense a material 
as is reasonably practicable. 

SECURING THE CORRECT GRADE AND CROSS-SECTION 

The question of accurate grade and cross-section is of considerable im- 
portance in producing a surface which will be free from undesirable irregu- 
larities. Small irregularities give unsatisfactory conditions for traffic at hig;h 
speed, such as automobile traffic, while large irregularities give rise to 
depressions and pockets likely to hold water and become icy and also lead to 
unequal wear. To secure good results, grade stakes should be accurately set, 
and where side strips serve as grade lines, they should be set with care and be 
straight and true. The tendency of modem practice in the construction of 
hard road surfaces is to reduce the crown of the road to a minimim. If the 
results are to be satisfactory under these conditions, increased accuracy in 
grade and cross-section will be necessary. 

Narrow roadways are usually brought to grade and line by striking off the 
fresh concrete by means of a board, cut to conform to the desired shape of the 
road, and resting at its ends on longitudinal strips laid to grade. Where 
care is used in setting these strips and manipulating the board, accurate results 
are secured. In the case of wide roadways and city streets grade points must 
be established at frequent intervals in order to secure the desired accura^. 
There is much poor work along this tine to be seen on many of our dty street!, 
even where asphalt surface is employed. Much more car* (twiiltf be *wi 
nn »t"'» Mt of th^ vnrV than is thf )rp»rtic»t tt ii»"OV pI««^ 
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FINISHING OF SURFACE 

The method of finishing the surface of the concrete after it is btx)u^t 
to line and grade is a matter of considerable importance, although the wear 
of traffic will soon eliminate small differences in the degree of smoothness 
secured. One of the principal objects to be attained in the surface finishing, 
after the concrete is struck off, is to secure a surface layer which will be 
as uniform in character as practicable, and free from voids and other irregular- 
ities. The securing of a good dense and even surface is dependent, to a consid* 
erable extent, on the care with which the concrete has been shoveled and 
stirred into place. Uniform and careful workmanship in this part of the 
process is important. Concrete which has an excess of large stones at one 
point and an excess of mortar at another point will not wear uniformly, and 
cannot be made uniform in the finishing process. 

A common practice is to finish the surface by means of a wooden float 
manipulated from a bridge. Good results can be, and have been, obtained 
also by the use of the shovel alone. To secure a surface which is uniformly 
somewhat rough, the use of a coarse broom is common and is to be com- 
mended, although a short period of wear will eliminate any differences due 
to brooming. 

To secure additional roughness, especially on grades, grooves have often 
been made in the concrete. Results of such grooving have been variously 
reported, some reports being satisfactory while others show unsatisfactory 
results due to the rapid wearing of the concrete and the disappearance of the 
grooves. It is evident that to accomplish any very lasting result the grooves 
must be fairly deep and not spaced too closely. A diagonal rather than a 
transverse system appears to be an advantage, but is not so easy to construct. 
Longitudinal grooves are of very doubtful value. 

Where the experience with grooves has been satisfactory, it appears that 
the surface layer of concrete has been of rather superior quality and made of 
fine aggregate. This would appear to be a reasonable condition, and from 
observation of some of the members of the committee, as well as from 
various reports, a grooved surface made in rich, high-grade material will 
show a very satisfactory durability. Grooves would hardly appear to be 
advisable in connection with a coarse aggregate. 

CURING 

TT>e curing of the exposed surface of the concrete is one of die rooW 
important parts in the entire process. Good concrete can easily be qmiled 
by a too rapid drying out, and under the conditions frequently met widi, 
such a result may easily follow, unless great care is taken to protect it. 
Laboratory tests of concrete cured under different conditions show that it is 
easy to increase the strength 50 per cent by a proper treatment over what may 
be secured under improper conditions. It appears, also, that the effect of rapid 
drying is even greater on the hardness of a concrete surface and on its 
permeability than on its crushing strength. Concrete allowed to harden 
without proper curing shows a soft surface which can readily be scratdied. 
It is, at the same time, much more porous than properly cured material and 
will show greater deterioration from frost action. The length of time during 
which concrete will continue to absorb water in chemical combination is much 
greater than is generally supposed. While the hardening process continues 
quite slowly after the lapse of a month, it is also true that with a continued 
rappljr of water, increase in strength beyond Aat time will be veir c 
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erable. The critical time in securing a good instead of a bad remit ta 
included, perhaps, in the first week; but for best practical rcsulti a week la 
often too short. 

The essential thing is, of course, to keep die concrete wet a sufficient 
length of time to secure the best rcsidts consistent with the expense involved 
and the improvement which will result. In hot summer weather it inajr 
be considered as absolutely necessary that this process shall be continued ftn- 
at least 7 days. A number of ^KciJications require 14 days, and a 
longer time is occasionally demanded. A mere sprinkling once a day in hot, 
sunny weather is certain to be vciy inefEective. When it is remembered that 
the actual evaporation from a free water surface during hot, dry weather is 
as great as ^ inch per day, it is obvious that a single daily 
^jrinkling, with no protection against evaporation, is very inadequate. To 
prevent evaporation, an excellent and common practice is to cover the surface 
as soon as practicable with a layer of earth. This serves to reduce the 
evaporation very greatly and would seem to be almost necessary under hi^ 
summer temperatures. The concrete thus covered should be sprinkled fre- 
quently enough to keep the surface in a moist condition. For the first 
24 hours after laying, or until the surface can be safely covered 
with earth, a canvas covering on hot windy days is advantageous and is used 
by some engineers. Traffic should be kept off at least 3 weeb and 
longer when possible, especially late in the season when the temperatures are 
relatively low. 

As a matter of some value, your committee has made a search through 
recent engineering literature on the subject assigned to it. The results of 
this search may be briefly summarized as follows: 

Out of twenty-one reports of actual construction and seven spedficationa 
and papers on this subject, the method of finishing was reported as follows: 
Fifteen finished by means of a float, four by means of troweling. Thirteen 
broomed the surface. 

In the matter of curing, three reported as using canvas, eight as using 
sand and earth; four reported 7 days as the period of sprinkling, two 14 
days, and one 3t days. 



DISCUSSION 



Mr. K. H. Talbot: — In connection with the brooming of the surfaces and 
the drying out I would like to tell of an investigation of a road that was 
reported as being chalky. I found that it had been broomed and was appar- 
ently chalky on the top within two or three days after the brooming. I could 
take a knife and scrape off the ridges that were left by the brooming, and find 
the hardened concrete beneath. I ascribed this to two things: the ridges 
offered more area for the wind to strike and resulted in drying out, and the 
film of concrete in each one of the ridges was small, so that the drying out was 
very rapid. I feel, therefore, that under summer conditions, with insufficient 
curing and protection, it is a mistake to broom the surface. 

Mr. Lamed: — ^There is another injury that can be caused by brooming. 
The ordinary stable broom is made of rattan bristles that are stiff. These 
bristles arc set practically at right angles to the handle, so that when tjie 
broom is draped through the concrete it not only creates a ridge, but it 
disturbs a very considerable portion of the concrete itself. Besides, dut 
application is not made to the surface untO the concrete has taken a c 
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able set. I would vny stroni^y advocate the use of die wood float only. 
The advantage produced by brooming is only temporary and the ridges looa 
wear off. The brooming certainly destroys some of the slab. 

Mr. Gillette: — In addition to the three ways of curing or wetting the 
surface of concrete mentioned by the committee, I should like to call your 
attention to a fourth method that has been introduced in California. It is 
claimed to be very effective and quite as cheap as the other ways. This is 
to build up small dikes across the concrete and to flood the space with water 
to a depth of about two inches. The trouble of having to scnyw off the 
dirt afterwards is eliminated. 

Mr. Rupert Smith: — Curing by steam is another method that has been 
mentioned. This offers considerable possibilities, especially under winter 
conditions. 

Mr. Myers: — ^With the temperature not over 8o degrees, would any 
surface covering be necessary, or would q>rinkling be sufficient ? 

Mr. K. H. Talbot: — In my opinion the covering is necessary even when 
the temperature is as tow as 80 degrees. The water will never be at that 
temperature, and, therefore, sprinkling directly on the concrete has the effect 
of cold water coming in contact with a warm surface, as the concrete will 
assuredly be at the same temperature as the air. 

Dean Tumeaurc: — The suggestion of curing by ponding, as is done in 
California, and the method of curing by steam, are certainly good. It .would 
teem that the curing proposition is really the important point in the report 
of this Conunittce. 
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The materials to be handled in the construction of a concrete road are: 
(i) Water, 

(2) Cement, 

(3) Sand, and 

(4) Gravel or Stone. 

ffater: The first mentioned material, water, is quite apt to be given 
scant consideration by the road builder whose experience has been limited to 
wort within cities or villages. Likewise the engineer or contractor who has 
never before attempted road construction is prone to underestimate the osst 
of securing and delivering water, whether for concrete or macadam roads 
in country districts. In arid regions a mistake of this sort may readily result 
in serious financial loss. 

The chairman of your committee has been financially interested in the 
building of concrete roads under conditions that have served to emphasize 
the importance of considering the cost of water and of ways and means 
to reduce that cost. 

Water, it should be remembered, is used for at least three purposes in 
building concrete roads: (i) to wet the subgrade; (2) to mix die con- 
crete; and (3) to keep the concrete moist for several days after it is laid. 
On a sandy subgrade that must be wet and rolled before laying the concrete, 
as much as 100 gallons of water per cubic yard of concrete may be used 
merely to wet the subgrade. Then an additional jo gallons or more per 
cubic yard will be required to mix the concrete wet enough to flow readily. 
Finally as much as 80 gallons per cubic yard of concrete will be needed to 
keep the concrete wet for a week after it is laid, if the air is very dry and 
if there is much wind. A total of 330 gallons of water, weiring 1,900 
pounds, has been required for each cubic yard of concrete, in one case known 
to youT chairman. More than that would have been used had the concrete 
not been kept covered with a layer of earth an inch or more thick. The 
earth, of course, retarded evaporation of the water. The water in this case 
was hauled in tank wagons, so there was no guessing as to the total amount 
used, although its distribu*'in among its three diff*'*"' "w* w"* "ot accu- 
rttfh •'•'erniin^ 
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A ton of water per cubic yard of concrete may probably be regardeil as 
the maximum that need ever be required. A quarter of a ton of water 
per cubic yard is probably the minimum, if there is to be any sprinklins of 
the subgrade and of the concrete. A 2-inile haul at 25 cents per ton-mQe 
results in a cost of 50 cents per cubic yard of concrete for hauling the water 
where the maximum amount is needed. This is astonishing indeed to the 
contractor who has been accustomed to mix and place concrete for 50 cents 
a cubic yard under certain conditions. 

When lai^e quantities of water are to be moved considerable distances, 
pipe lines should usually be taid along the road and the water should be 
pumped. Quite a common mistake, when this is done, is to use pipe of such 
small diameter that the friction head makes it impossible to deliver the 
quantity of water needed. Thus a i-inch pipe is often laid where a 2-indi 
pipe is needed. Any engineer, however, is competent to estimate the size of 
pipe required under given conditions. It should be remembered that the head 
against which the pump is acting is the sum of the static head and the friction 
head, and that the cylinder of a pump may be cracked under an excessive 
pressure thus developed. 

Within the confines of a report of this character it is impracticable to 
discuss at further length the problem of water supply for concrete road work. 

Cement: In the handling of cement there are two very common eco- 
nomic errors in evidence: (i) failure to provide a large stock of cement; 
and (2) an attempt to locate the cement nearer the concrete mixer than is 
necessary. The concrete road builder is so often forced to wait for the 
delivery of cement by rail that he eventually learns that it pays to tie up 
more capital in a stock of cement than to foot the bills incident to delays 
in securing it by rail. Although cement dealers are usually prompt in 
making shipments, the railways are not always to be relied upon. For this 
reason, cement should be accumulated in stock-houses or stock-tents. Tents, 
with wooden floors made in sections, can be placed at short intervals along 
the road. From them the cement can be delivered in small gasoline motor 
cars of the kind that cost about $3CX) each. Such a car will carry 10 or 12 
bags of cement and can be run into the tent to be loaded by the driver of 
the car. The car will travel from 15 to 30 miles an hour loaded and 
18 to 35 miles an hour empty, at a total cost of about 4 cents per car-mile 
one way or 8 cents per car-mile of effective hauling work. The resulting 
cost of hauling cement short distances can not be equaled in any other way 
known to your committee. 

Sand: After the subgrade has been sprinkled and compacted by rolling, 
it is customary to dump sand and gravel on it in piles. Then these materials 
are loaded into barrows and wheeled to the concrete mixer which travels 
along the subgrade, leaving the layer of green concrete behind. This, we 
think, is at present the most common way of placing concrete. But it Is 
not the only way, and there are some contractors who maintain that it is 
not the cheapest way. Another method is to place both the mixer and the 
stock piles on one side of the road. The materials are then usually shoveled 
directly into the mixer, or into a bucket or skip, that delivers into the 
mixer. In the west it is not unusual to see Frevio scrapers used to drag 
the sand and gravel from the stock piles to the mixer. In some cases the 
scrapers deliver the materials upon a platform whence they are fed by gravity 
into a skip that delivers into the mixer. In these cases the mixer is not 
moved until about 6ck> to t,ooo feet of road have been built in both dircaions 
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from the mixer, the concrete being hauled in one-horse concrete carts or in 
one-man concrete buggies. 

The differences in cost between these two methods seem ordinuilf not 
to be very great; but there may be conditions diat justify a choice of one 
method in one place and of another method in another place. Thus, if 
laborers are scarce and mules or horses plenty, the latter method m^ be 
preferable. 

As above stated, a small $500 motor car can be economically used to 
haul cement short distances. To do this, the body of a pleasure car is 
removed and a platform placed on the rear part of the chassis. This method 
of hauling cement was first devised by one of your committee, it is believed; 
and he now suggests that the same method might be advantageously spiled 
in hauling concrete from a mixer to the road. To do this, a concrete bucket 
would be mounted on the chassis and the concrete would be discharged (nto 
the bucket through a trough. It might be desirable, in using such a method, 
to provide a pair of trussed planks that would span the road and be used 
as a runway for the automobile. 

So much has been written about the unloading of cars of sand, etc, with 
drag scrapers, clam shell buckets, and the like, that we shall not here gp 
into these labor saving methods. An ingenious modification of old methods 
was recently described. It consists in dumping sand or gravel from a hopper- 
bottom car into a pit dug beneath the track. The materials are thcnoe 
dragged with a power-scraper up an incline and dumped into a bin. This 
method has much to commend it where hopper-bottom cars are available. 

Gravel and Stoat: Although cement and even sand may be rehandled 
without adding greatly to the cost of a concrete road, an attempt should 
always be made to avoid rehandling the gravel or broken stone. Broken 
stone is particularly hard to shovel up when dumped on the ground; aad 
besides, it constitutes a very targe part of all the materials to be 
handled. Stock piles of sand may often be needed to avoid delays in frei^t 
shipments; and in such cases, they may be placed at relatively short intervals 
along the side of the road. If broken stone or gravel is also received by 
rail, it is generally wise to build the stock pile at the place where die cus 
are unloaded. Then a clam shell bucket can be used both to unload the 
cars into the pile and to load the wagons from the pile. 

If large stock piles of stone or sand are to be made along the road, care 
should be taken to scrape a smooth place upon which to build the pile. With 
a road machine and a roller, a place can be so graded and compacted that 
very little of the material in the stock pile will be lost. Care should be 
taken to locate such stock piles where heavy rains will not wa^ the materiils 
away. 

In the handling of broken stone from portable rock crushers, two eco- 
nomic errors are common: (i) bins are too small; and (2) their bottoms 
are not steep enough. Small bins make it necessary to stop the crusher if 
there is not perfect coordination in hauling and using the materials. Bottoms 
that are flatter than i to i prevent the stone from running rapidly, and &us 
delay the loading. This last is important enough with team-hauling, but it is 
much more important where motor trucks or traction engines are usnl. 

Hauling iy Pott/er: Although the horse and the mule will long continue 
to be used on road work, their "day" for hauling road material* is fast passing. 
We have already given some deta>1« relative to tbt use of small motor cm 
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arc becoming popular for hauling wherever the roads are suiBciently good to 
admit their use. Recently the use of "trailers" has added much to the 
popularity of motor truclu. While a "trailer" decreases the speed of trans- 
portation it greatly increases the tonnage hauled each trip. 

Traction engines hauling trains of wagons have been in successful use 
for so many years that we need say little about them. 

As to the relative economic merits of motor trucks and traction engines, 
no data yet available point either to the one or the other as being clearly 
preferable. In making comparisons, several things other than the ton-mile 
costs while hauling during the road building season should be kept in mind: 
(i) whether the hauling plant can be used for other purposes than road 
building; (2) whether it can be used in the winter; (3) whether it destroys 
existing roads and subgrades sufficiently to be objectionable; (4) whether 
there is room to maneuver — turn around, etc. 

Not a few men are making it their sole business to contract for hauling. 
Such men often work their hauling plant two shifts daily, running about 18 
hours out of the 24. This greatly reduces the interest cost per ton-mile. A 
not uncommon price is 15 cents per ton-mile over rough roads and under 
severe conditions. 

Conclusion: Your committee has made no attempt to discuss concrete 
mixing and placing, for there are fully a dozen books in which this matter 
is given much space. Nor has it seemed wise to repeat much that also exists 
in book form on the general subject of shoveling and hauling. A few sug- 
gestions as to the recent developments in concrete road work have been indi- 
cated in the hope that other road builders will add their quota. 



DISCUSSION 



Mr. Gillette: — The common methods of hauling are well known to all, 
so that the report in this regard is purposely brief. There are two methods, 
however, which have not been so well written up and so long used in this 
country. One is hauling with motor trucks and the other is hauling on 
tracks. The latter idea will be discussed by one more conversant with that 
method. 

The hauling of materials for concrete roads differs essentially from that 
for macadam or gravel roads only in one particular, and that is that there is 
a vast amount of water to be hauled or piped in the building of concrete roads. 

In addition to hauling by motor trucks, another California method of 
handling gravel and sand is by the use of a Fresno scraper. This is a modified 
drag scraper about 5 feet long, 16 or 18 inches high, and 16 
or 18 inches in depth. Four mules abreast, driven by one driver, will 
handle this scraper. For short distances, say, 100 feet, the Fresno will haul 
fully yi cubic yard. In going long distances it will lose J4 °i '^^ load, par- 
ticularly in going down hill. In making a cut from a bank and loading it 
into wagons, a platform with a hole in it is erected and the material dragged 
into that drop and dumped into the wagon. In this way material can be 
loaded for approximately 5 cents per cubic yard. In one gravel pit a con- 
tractor was turning out something like 125 cubic yards of gravel with just one 
Fresno team handling all the material. In this section of the country we who 
have been accustomed to use 6 or 8, or even 9, wheelbarrow men to run the 
gravel or broken stone to the crusher or screen would be surprised to see 
only I man in the gravel pit, I man running the elevator, or machinery 
which drives the crusher, and i teamster handling 4 mules with dw 
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Fresno scraper. It seems to me that it would be well for those of you -v^m 
are going to the Panama Exposition to spend a little time inspecting coo- 
struction work in California, where a vast number of tricks have been 
developed because of the scarcity of labor and its consequent hi^ price. 

Mr. Hellmann: — Teams arc scarce at times, and generally at the particu- 
lar time when they are most needed, being therefore not absolutely reliable. 
You have known of work that has been badly crippled on account of teamsters' 
strikes, which is another example of their unreliability. Their capacity in 
hot weather, as well as on muddy roads, is vastly cut down. They are slow, 
covering a distance of not over 20 to 25 miles per day. 

While an advancement over teams, traction outfits share their shortcom- 
ings as far as speed is concerned, and they, too, are more or less dependent 
upon good weather conditions. It is hardly possible to operate a tracticHi 
outfit in rainy weather on muddy roads, without eventually damaging die 
road to some extent. Further, on account of their excessive weight, they can- 
not travel over many of the country bridges encountered in road-building. 

Motor haulage can really only be considered, as we have heard from 
Mr. Gillette, where the roads are sufficiently good to permit their use. 

A system, therefore, that does away with these shortcomings and offers a 
number of advantages which I will define later, certainly deserves some con- 
sideration where efCcient and economical hauling is desired. 

The system I have reference to is the hauling by means of an industrial 
railway equipment consisting of portable tracks, double side steel dump cars 
and locomotives, all of 2-foot gauge. This system, on a broader scale, com- 
prising laiger capacity cars, mostly 3-foot gauge, is used extensively as you 
know, in railroad construction work for the hauling of excavated material 
for cuts, fills, etc. Few people realize when suggesting this means of trans- 
portation on road-building jobs, how easily a special outfit of this kind is 
installed, and how cheaply it operates. 

Consider, therefore, that the track on which the can and locomotive 
operate is an already built up unit, including steel ties to which the rails are 
fastened, and including angle joints, all ready to be laid down. Two men 
are able to handle a section, which comes in standard 15-foot lengths, and 
weighs 225 pounds per section for 16-pound rail, and 270 pounds per section 
for 20-pound rail, with preference for the latter being the rule. You can 
figure that the laying of the track, consisting in connecting of the different sec- 
tions, will not exceed 5^ cent per foot of track, or about $26 per mile, where it 
is laid from the point of arrival of the material. 

Where the track is to be hauled across the country for a distance, or 
where, after being used on one job, it has to be transferred to another one, 
3 or 4 miles away, you can reckon on i cent per foot, or about $53 per mile 
as the average cost for such hauling, and the laying and connecting at the 
new location. 

The above figures for laying, hauling and connecting of the track are 
figures, as I might particularly mention, at which this work has been sublet 
many a time, and represent no guesswork, but true, actual cost. 

Switches likewise are one unit of the same length as a section of track, 
so that where turnouts are to be made any straight section can easily be 
replaced by a switch or curve of the same length. 

The cars used in connection with this track are of the double side sted 
type, ij^-yard capacity, weighing about 1,000 pounds each. I would like 
to draw your special attention to the dumping features of this particular 
Tpe ni ■'" nhaqol -ai Tli^r. V f- Anpfftr tt( *< *—>«*• ftf ftie car irfien 
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dumped, rolling or falling back onto the track and interfering with the 
operation of the train. The car clears itself entirely, the center of the 
dumped load being about 3 feet from the edge of the rail. 

An advantage also worth mentioning is that there is no guesswork about 
the contents of each load as there is in the case of wagons, because you can 
be sure that each car always holds the same amount of material. 

These cars are used not only for hauling sand, gravel or crushed stone, 
according to the specifications of the road, but are also used for handling 
the cement, one car generally carrying about 10 barrels. 

I have also heard of instances where water was carried along in die 
train in a car easily designed for this purpose. 

For hauls shorter than ^ mile, a team of horses hauling 7 loaded cars 
will be economical, whereas on hauls exceeding this distance, die preference 
will have to be given to locomotive haulage. 

TTic locomotives most widely used are a 20-horsepower or a 30-horse- 
power engine, weighing 13,000 and 15,000 pounds respectively. 

As astounding as it may sound, I have witnessed the 30-horsepower engine 
pull 26 loaded, ij^-yard cars up a 5 per cent grade, not as a record perform- 
ance, but as an hourly duty for weeks. This seemed to me to be so remark- 
able that I checked up the grade and then secured a profile from the County 
engineer, which verified the above figure. 

For steeper grades, say 6 per cent to lO per cent, a geared engine is used 
to good advant^c. While somewhat slower and considerably heavier (just 
about double the weight) it still can operate with perfect safety on a 20-pound 
track, the weight being distributed over 8 wheels instead of 4. 

This system as a whole has been found to have the advantage of working 
under almost any weather conditions, thus enabling the piling up of the 
material alongside of the road even in times when the weather does not 
permit of actual work. It will work with an average speed of between 8 
and 12 miles per hour, therefore covering much larger mileage per day than 
what would otherwise be possible, and at a cost that will be materially below 
the cost of hauling by other means as later figures will indicate. This system 
has therefore strong advantages in the points where the others are weak — 
independence from weather conditions, and speed. Let me add to these the 
fact that the track can be laid over any improved road without the least 
fear of damaging same, or making any resurfacing necessary. The outfit 
also requires less space for maneuvering than is required by a team or traction 
outfit, as the overall length of the ties is only 32 inches, so that diis is all 
the space required. 

There is a Milwaukee County concrete road where the material came 
in from both sides of the road to be built, necessitating, therefore, the hauling 
of the material on the bcrm, because it was, of course, impossible to haul over 
the green concrete. The space available was too small for either a team or 
traction outfit, or motor truck, and this track, car and locomotive system was 
really the only solution in this case. 

You, of course, realize that the locomotive does not need to be turned 
around, as it pushes the cars just ai well as it pulls them, and both the 20- 
horsepower and the 30-harscpower engines are able to go diroug^ one of the 
15-foot switches, whidi have a radius of 30 feet. 

Besides being used for the hauling of road building material, thii nme 
plant can be used for any eanh ntovtng proposirion. Where there are cut> or 
fills to be made, the cm can be put to woA under a ttcam ihovel juM M 
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easy as being used for hand shoveling, with the advantage that for the latter 
the total height of the car is considerably less than the height of a wagon. 

The cars can be held in a scmi-ducnped position, and in this position filled 
to 3^ of the capadty, the height in semi-dumped position being 30 inches, 
and the total height 46 inches. 

Needless to say, the plant can be used in the winter as well as in summer. 

As to actual cost data on hauling with this outfit, you realize it is always 
a risky undertaking to lay down set figures, because the figures will, of course, 
vary according to local conditions and the skill of the contractor. I am, 
however, in position to give you a few figures compiled from actual work 
done last year in Sargent and Embarrass Townships under the supervision 
of the Illinois State Highway Commission. In this case the townships rented 
a complete outfit consisting of over 6 miles of track, some cars and locomo- 
tives; and the state guaranteed to the conunissi oners that the cost of hauling 
on the longest haul, which, as stated, was over 6 miles, would not exceed 
63^ cents per cubic yard for the entire distance, or slightly over 10 cents 
per cubic yard mile. Your attention is drawn to the fact that this figure is 
the cost per cubic yard mile, and not per ton mile, the cost per ton mile, of 
course, being proportionately less. Upon completion of the job it was found 
that the actual cost did not exceed 54 cents, or 9 cents per yard mile. 

The above figures were, as stated, on the basis of renting the outfit, and 
include besides the rent, the freight to and from destination, the cost of 
laying the track, the cost of operating the equipment, the proportionate 
expenses of a superintendent; in fact everything that can be charged up under 
the item "hauling costs." Had the outfit been owned instead of rented, these 
figures would without doubt be more favorable, because the depreciarion 
figured against one year's work as a rule will not exceed 15 to 20 per cent of 
its cost, whereas the rental figures are of necessity higher than such deprecia- 
tion. Besides, in case of ownership, the item of return freight need not be 
considered. 

As a basis, I might say that contractors are accustomed to figure on team 
haulage 25 cents per yard on the first mile, and 20 cents per yard 
on each additional mile. To give a comparison of this cost if done 
by track, cars and locomotives, a figure of 8 to 9 cents per yard mile is 
amply safe. I have letters from contractors using this outfit, stating that 
their cost for hauling after the track is laid, has been 10 cents per cubic yard 
for a distance of five miles, or 2 cents per cubic yard mile. This figure of 2 
cents has to be understood of course only for the operating of the outfit and 
the dumping of the material. If another 2 cents is added for the laying of 
the track, and another 4 cents as a maximum for depreciation, the figure of 
8 cents to g cents per yard mile, as arrived at on the Illinois job, is verified. 

While the cheaper hauling is a great attraction, I consider the possibil- 
ities of building more roads in one season and being very much more inde- 
pendent of labor and weather conditions, items of at least as much importaiKe 
in favor of this system. 

Mr. Morse : — There are one or two things to which I would like to call 
the attention of the Conference. Mr. Gillette spoke of placing the stone upon 
the subgrade, or on the soil outside of the roadway, and stated that this ground 
should first be compacted. I find that it is customary to shovel it directly 
from such a position into the barrows, or into the mixer scoop. I think dieic 
are some objections to this method of handling stone. In the first plicei 
when the material is reshoveled certain particles of soil get into the tcoop and 



»S« 



Digitizecoy Google 



HANDLING MATERIALS FOR CONCRETE ROADS 

thence into the concrete. These, being lighter than the stone, will rise to 
the surface causing pinholes, which we have all seen and which we have heard 
mentioned by the maintenance committee. 

I have been specifying that from i to 2 inches of sand be dumped upon 
the foundation first, and then the stone placed on top of this. I found this 
very practical and not altogether unsatisfactory to the contractor. The sand 
is shoveled up again with the stone, and suffices to increase the cementing of 
the small particles of the concrete. This usually increases the efficiency and 
value of the concrete, for there is generally too little of the small material 
used in concrete pavements. Another important feature is that the sand 
makes the shoveling of the stone easier, which is in line with the economic 
study of this committee. 

In some cases that I have observed, the Stone is shoveled directly into the 
mixing scoop. The amount of space available limits the number of men to 
5. The capacity of a man in an ordinary day is from 15 to 20 yards of stone. 
The capacity of the usual street paver is about 200 cubic yards per day. 
Consequently, this method does not consume the capacity of the mixer. A 
comparative cost of shoveling directly into the scoop, using 5 men, or shovel- 
ing into wheelbarrows and then dumping into the scoop, using 10 men, was 
made. It requires 22 men at $2.50 a day to properly run a mixer using 5 
men shoveling. This means $55 a day for labor expended, resulting in about 
450 square yards of concrete, or 12^ cents per square yard for the labor. 
With 10 men shoveling directly into the hopper and 22 men on the mixer, 
the cost will be $67.50. This method will produce about 800 square yards , 
at an average labor cost of 8j4 cents per square yard. This economy results 
in the saving of 4 cents per square yard, which, though small, is important 
enough to take into consideration with the other economies advocated. 

Mr. Hellmann : — In the track system some contractors load the material 
into an elevated bin holding about 40 tons, or the contents of a railroad car, 
instead of loading each individual car. The loading outfit is then able to 
work whether or not there are cars ready to be loaded. 

When emptying the cars, the train is generally in motion so as to distribute 
the loads more evenly over the road and to save some raking. 

No difficulty is encountered in crossing the standard gauge tracks. A 
short section track is used and the wheels simply ride over the standard 
gauge track. After a train has passed, the short sections must, of course, be 
removed. Some railroads will not permit such a crossing unless a flagman is 
stationed at that spot. Such flagmen can generally be obtained for about 
$6 per week. 

The track can be laid on the berm or nearer the center of the road. In 
some cases, where the berm is only 2 feet wide, it would be impossible to haul 
with wagons or traction outfits because of insufficient room. With the old 
method it often takes 4 horses to pull a 2-yard load on a dusty, sandy road, 
whereas with the track, i horse can pull 5 cars averaging about 7j^ yards, or 
2 horses can pull 7 yards and a steam shovel. 

On grades exceeding 6 per cent geared engines can be used to advantage. 
Such an engine would go up a grade of 10 per cent and pull 15 cars, or t 
load of 15 yards. 

Mr. Spackman : — I would tike to call your attention to an inconsistency 
that has struck me in all concrete road construction. TTie committee on 
aggregates speaks of washed gravel and the limiting of fines that will past 
a 50-mesh sieve to 10 per cent; yet I have never teen a concrete road built 
in whidi the aggregate, bodi fine and come, waa not dumped on dw gnuDd 
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and shoveled up. The contractor shovels clean, because he does not want to 
waste the sand and stone, and the foreign material that you are likely to 
get into the concrete is, I think, responsible for much poor work. I think 
Mr. Gillette's suggestion of compelling the stock space to be rolled to avoid 
sudi a possibility is a very important one. 

Mr. Melloy: — I believe the most important factor of this question would 
be to provide sufficient funds to put a competent man on the construction to 
supervise it. The contractor builds roads to make money and is expected, 
therefore, to practice every economy for himself. The majority of the states 
provide the small sum of $2 or $2.50 per day for some man who is not able 
to do anything else, or who knows little, to supervise the construction of as 
important a thing as a concrete pavement. I would suggest that it would be 
good economy to employ a good inspector at $5 per day, and thus to get some 
man who knows something about the construction. 

Mr. Lamed: — I would like to suggest the use of boiler plate sections 
deposited along the roadway on which to place material. These would 
greatly increase the shoveling capacity of a man, and at the same time avoid 
the objection of picking up dirt. 

Mr. Gillette: — I agree that it is highly important that the inq>ector be 
a competent man. To get such a man we all know that we must pay a 
price in excess of that ordinarily paid to inspectors. I believe that no man 
should be an inspector who is not a graduate in road work from some engi- 
neering college; first, because I have yet to find such a graduate who is a 
dishonest inspector; and, second, it is good experience for a young man who 
hopes to be a resident or division engineer in road construction. 

Apparently there has been a misconception regarding the statement of 
rolling the ground for stock piles. Stock piles can be placed either on tibe 
earth on the subgrade, or alongside the road, I, personally, prefer to see 
them placed alongside the road. I had that in mind when advising clean 
scraping and hard rolling for stock piles. 
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MIXING AND PLACING MATERIALS FOR 
CONCRETE ROADS 
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Augusta, Maine 

Arthvr H. Blanchard C. W. BomroH 

Profesior of Highway Engineering, Columbia Intpecting Engineer, Univenal Portland 

University, New York City Cement Co., Chicago 

In the construction of concrete roads, probably no really important part 
of the work is given less consideration, in specifications and in the Aeld, than 
the actual mixing and placing of the concrete. 

The following notes, based upon observations in the field, and the results 
of tests, were prepared with a view of pointing out the difference between good 
and bad practice, and to serve as a basis for reconunendations covering this 
phase of the work. 

THE MIXER: The concrete mixer should be of the batch type pro- 
vided with an automatic water tank, traction drive and power loader. Mixers 
having a boom and bottom dump bucket of sufficient size to convey one com- 
plete batch for placing the mixed concrete, are preferred. However, buckets 
of other types and sizes, open troughs and revolving tubes can be used, and 
will give good results. 

An abuse of the revolving tube distributing method lies in operating batdi- 
mixers so equipped as continuous mixers, the supposition being that as the 
tube is provided with blades and revolves, the materials are mixed in the tube. 
This tube serves only as a conveyor and cannot to any degree take the place 
of or serve as a mixer. 

Concrete cannot be successfully conveyed or delivered through a trough 
or spout through which it must flow by gravity, for if it is mixed to a con- 
sistency such that it will flow at the required angle, the concrete will be too 
wet for the best results. 

The mixer should be provided with a suitable automatic water tank 
which can be quickly filled and emptied, so that when once determined, the 
required amount of water can be added to each batch of concrete. A number 
of so-called automatic tanks on mixers are not satisfactory owing to their 
limited capacity, delay in filling and emptying, and to the fact that they 
depend, for successful operation, upon a constant water pressure. Water it 
pumped on most road jobs, with small gasoline or steam pumps, and it it 
not possible to maintain uniform pressure in the feed line. 

An automatic measuring tank of the required capacity, that may be emptied 
quickly, connected by means of a conq>arativeIy large pipe, with an auxiliair 
or storage tank of about 50 gallons capacity, would be more satisfactory than 
the one tank qntem commoiily used. 
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Where necessary to keep from cutting up the sub-grade and to facilitate 
moving, the wheels of the mixer should be run on suitable planking. Material 
of good quality, 3 inches thick by 10 inches wide, in comparatively short 
lengths, with square ends, will be found satisfactory for this purpose. 

The power loader or skip should be of sufficient size to hold all the 
materials required for the batch. In charging the skip a part or all of the 
coarse aggregate should be placed first, and the cement, fine ^£;regate, and 
remaining coarse aggregate, if any, on top of this. All the cement ahould 
be in the skip before the last of the aggregate is added. If charged in this 
manner there will be less tendency for the materials to stick in the skip 
when emptying and less loss of cement on windy days. A systematic method 
of loading the skip will also serve as a check on the right amount of material 
being placed each time. 

The tilling of the skip is accomplished in practice in two ways — by the 
use of wheelbarrows and by shoveling direct from the supply piles into the 
skip. This latter practice, however, should be discouraged, for accuracy is 
impossible, and it encourages carelessness. Besides, the entire loading gang 
loses time waiting while the skip is raised and lowered. 

MIXING CONCRETE: No important operation is given less atten- 
tion than the mixing of the concrete. Frequently in practice, the time the 
materials remain in the drum is governed only by the speed of the gang 
charging the skip. At times the batch mixer is operated practically as a 
continuous mixer, by fastening the discharge scoop or spout so that there is 
a constant flow of concrete from the mixer. 

The quality of concrete is largely dependent upon thorough mixing. To 
insure thorough mixing the R. P. M, (revolutions per minute) of the mixer 
and the time the complete batch, including water, remains in the mixer, 
should be specified. To specify cither the R. P. M. or the time is not suffi- 
cient as is plainly shown by the following tabulation of field observations: 



Mi.tr 


». p. M. 


MUic'niic 


Smith 


10 


ij^ mia. 


Kochring 


18 


40 to 45 sec 




18 


30 sec 


Foote 


14 


45 sec. 


Eclipse 


13 


2 min. 


Austin Cube 


16 


50 to 55 sec. 


Smith 


11 


2 min. 


Chicago 


24 


30 sec 


Foote 


18 


25 sec 


Kochring 


18 


20 sec 


Austin Cube 


16 


20 to 60 sec 


Kochring 


32 


15 sec 


Austin Cube 


16 


10 sec 


Ransome 


7 


I min. 


Koehring 


18 


20 sec 



15 

Upon inquiry of the manufacturers it was found tliat the R. P. M. of 
the drum of batch mixers varies for different makes and for different sizet 
of the same make, as shown hp *h^ foUnw^ag tabU c""™''-'' trivn data fur- 

-i-ih^ IV ♦'b" fil»n»ifor»iirer« 
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lUtnl Cipadir 



Austin Cube 14 



Chicago Mixer 10 



Municipal Engineering & Con- 
tracting Company. 



Chicago Concrete Machinery Co. 



Koehring 



Oshkosh 
Milwaukee 



T. L. Smith Co. 

Foote Concrete Machinery Co. 

Koehrii^ Machine Co. 



) Oshkosh Manufacturing Co. 
Milwaukee Concrete Mixer Co. 



Ransome Concrete Machinery Co. 



Standard Scale & Supply Co. 



'5 



20 Chain Belt Co. 



Because of the shape and arrangement of the interior of the drum, the 
rate at which a given mixer is operated has a direct bearing upon the quali^ 
of the concrete, therefore the drum should be operated at approximatdy the 
speed at which the manufacturer claims the best results would be obtained. 

It is recommended that all specifications contain a clause to the effect that 
all the materials in any one batch — including the water — should remain in 
the drum of the mixer at least 45 seconds before any of the concrete is dis- 
charged. 

In all cases the drum should be completely emptied before the next (kip 
of materials is dumped into the mixer. This is a wurce of constant con- 
troversy between the engineer or in^wctor and the contraaor, espedatly 
where the mixer used i* equinwd with an open tnmgh, or with a boom and 
bucket when the bucket is oot large enou^ to hold ^ whole mixed batdi. 
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The Operator should start the water into the drum as soon u the ridp a 
in position to dump — that is, it is not necessary to mix nutcrials diy before 
adding water. 

CONSISTENCY: The practice on road work is to mix concrete entirdf 
too wet. This causes a separation of the coarse materials from the mortar, 
resulting in stony pockets throughout the concrete. Where the concrete ii 
mixed too wet, it is practically impossible to obtain and hold the required 
crown, and stony patches frequently appear on the surface after it has been 
finished, owing to the flow of water and mortar to the sides. In striking off 
and floating concrete mixed with an excess of water, it is also practiadlj 
impassible to obtain a surface of the desired character, as the excess of water 
collects in and hides depressions and other inequalities in the surface, which 
cannot be corrected as they are not apparent until after the water has 
evaporated. 

In addition to the difficulty encountered in getting wet concrete mU> the 
pavement in a manner which will give the best results, laboratory tests and 
results observed in the field show that, other things being equal, a wet mixture 
is of inferior strength and quality to concrete of a medium wet consistency. 
The marked effect in the strength of concrete that a variation in the con- 
sistency produces, is shown in the following table of results of tests made m 
the Sheffield Scientific School of Yale University by Chas. J. Robinson. See 
"Engineering News," Vol. 69, No. 21, May 22, 1913. 



Per cent Water 


7 Dayst 


30 Days* 


60 Dayst 


20 


2052 


2777 


3194 


22/. 


2173 


3132 


330s 


25 


2277 


3278 


3388 


27>4 


2500 


3516 


3597 


30 


1722 


2874 


3166 


32/. 


■413 


2416 


2666 


35 


1222 


1977 


2388 


37H 


1097 


1819 


2173 


♦2/. 


652 


1500 


1888 


•Average of 1 


two tests. 


tone 


test only. 



In this test water was added from 20 per cent to 42 per cent according 
to the following method : 

"As a minimum, enough water was taken to moisten the stone and sand, 
and then there was added 20 per cent (of the amount of the cement by 
weight) water. Each subsequent mixture was increased by 2j4 per cent 
water. It was noted that the 42^ per cent mixture was about as wet as is 
used in the average wet mixture, though drier than some slushy mixes." 

As yet there is not sufficient data on which to base a definite conclusion 
relative to the influence of the consistency of concrete upon the expansion and 
contraction; however, information at hand seems to show that this acrion ia 
influenced very largely by the consistency. 

Owing to the methods employed in striking off and finishing the surface 
of concrete pavements, there is little likelihood of mixing the concrete too dry. 
Concrete mixed with an excess of water is easier to mix, to handle, to place 
and to finish, than concrete of the proper consistency, which explains the 
tendencies toward wet mixtures. 

The amount of water in the concrete should be such as to cause it Co 
settle to a flattened mass when dropped from the bucket, but not tufHdent 
to cause it to flow readily on the sub-grade: The consistenc7 should be sudi 
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as not to require tampin£, but not so wet as to cause a separation of die 
mortar from the coarse afQircgate in handling and placing. If there is an 
excess of water on the surface, or the mass has a tendency to flow or settle 
out of position after being floated, the concrete has been mixed too wet 

PLACING CONCRETE: Just before placing concrete, die sub^rade 
should be well sprinkled so that it will not absorb moisture from the concrete, 
and should be checked by the engineer or inspector to make sure that the 
required thickness of concrete can be placed. Checking the sub-grade may be 
done by the use of a straight edge or line, resting on, or stretched from the 
top of the side forms. 

Probably the most satisfacipry method of depositing the mixed concrete 
in position on the sub-grade is by means of a bottom dump bucket running 
on a swinging boom from the mixer. The boom can be swung over any 
position on the sub-grade, and the bucket can be tun out and dumped at any 
point along the boom. Such equipment does not depend for economic opera- 
tion upon consistency, and the concrete can be easily handled and deposited 
at any place on the sub-grade, necessitating but little handling with shovels. 
Between each change in position of the mixer a section the full width of the 
pavement (up to lyi times the length of the boom), and as long as the boom, 
may be concreted. 

When concrete is placed by means of the open trou^ care must be 
exercised to see that it is not mixed too wet, as this method of distribution 
depends for economic operation very much upon the consistency of the con- 
crete. An open trough is necessarily much shorter than a boom and is more 
limited in action, which requires that the mixer be moved ahead more often, 
also that more of the concrete after being deposited on the sub-grade be 
handled with shovels. 

When a batch mixer, not having a boom and bucket or open trough, is 
used, the concrete should be handled in wheelbarrows or hand carts whcded 
on suitable runways. Placing concrete by means of horse carts should not 
be permitted as they cut up the sub-grade badly, and to get the concrete into 
final position requires a maximum amount of shoveling. 

Whatever the method of conveying and placing, the concrete should be 
deposited upon the sub-grade to the required depth and for the entire width 
of pavement in as nearly one operation as practical so as to reduce handling 
to a minimum. If it is necessary to handle a large amount of material with 
the strike-board it will ride the concrete and thus produce a wavy, uneven 
surface. Attention to this matter will materially lessen the difficulty and 
labor in striking off the surface and will result in a very much better finish. 

The excess of coarse material that accumulates in front of the strike- 
board should be uniformly distributed over the surface of the pavement and 
not left in narrow strips across the section, or placed along transverse expan- 
sion joints. An ordinary garden rake will be found useful in distributing 
the material that accumulates in front of the strike-board. When the strike- 
board is within 2 feet of an expansion joint the excess material that hat 
accumulated in front of it should be removed with a shovel and deposited 
on the iub-grade in the next section. Special care should be taken to place 
good dense concrete along expansion joints, and all inequalities at the joints, 
including any small holes left after the removal of the installing device, ihcnild 
be filled widi a mortar composed of one part cement and not more diaa two 
parts fine aggregate. 
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The man handling the strike-board should follow closely behind those 
placing the concrete, for keeping up with the strike-tmard will materially 
assist those placing concrete in depositing the required amount of material. 

The placing of concrete should be a continuous operation, and stops should 
be made only at expansion joints. In case the mixer breaks down concrete 
^ouid be mixed by hand to complete the section, or an escpansion joint should 
be placed at the point of stopping work. Any concrete in excess of that 
needed to complete the section, when work is discontinued, should be spread 
out in a thin layer, not exceeding two inches in thickness, over the sub-grade 
in the next section and not piled up along the expansion joint. 

The strike-board should be cut to conform to the crown of the fini^ed 
surface of the pavement and should be of sufficient strength and stiffness to 
show no deflection at the center when supported at the ends, nor a material 
bowing out of alignment when in use. It should be about 2 feet longer dian 
the width of the road, protected on the bottom edge with a metal facing and 
provided at each end with suitable handles. 

For roads up to 12 feet in width two 2-inch by 6-inch planks, dressed 
on one side and both edges, spiked together, make a good strike-board, and 
for roads 12 feet to 20 feet in width two 3-inch by 8-inch or a 2-inch by 
lO-inch and a 3-inch by lo-inch, spiked together, will be found satisfactory. 
Two planks, well spiked together, make a better strike-board and one less 
likely to warp out of shape than a single piece. The strike-board should not 
be so heavy that it cannot be easily handled by two men, and to reduce weight 
and increase stiffness, it is advisable for work over 20 feet in width to use a 
strike-board composed of boards 2 inches or 3 inches thick, stiffened fay truss- 
ing, rather than obtain the required stiffness by the use of heavier timbers. 

In striking off a pavement 16 feet or less in width, where the concrete 
has been properly placed, two men should be able to handle the strike-board, 
but for wider pavements the services of a third man will be required to assist 
in pulling the board forward by means of a drag line fastened at its center. 

The strike-board should always be worked forward about perpendicular 
to the axis of the roadway, and as it is moved ahead should be sawed back 
and forth across the road. 

To produce the desired effect will require that the strike-board be passed 
over the surface of the concrete two or more times. 

Though it will be necessary for the workmen to get into the concrete 
some after it is deposited on the sub-base, it is desirable that all unnecessary 
walking in and wading through the concrete be avoided, and under no 
circumstances should any workmen step upon the concrete after it is first 
struck off. 



DISCUSSION 



Mr. Boynton: — The committee has tried to point out some defects that 
are met in mixing and placing concrete in road work, and to suggest what 
might be considered good practice. In looking up what data existed on the 
matter of mixing, for instance, we found that there was a great discrepancy 
in what engineers seemed to consider and what contractors considered good 
practice in operating the mixer. We have undertaken to get together a little 
data that might act as a guide for anyone operating a mixer; and I think 
it is especially desirable that we develop that subject a little naore fully. 

Another important matter is that of consistencv The committee was m 
ini "n VI'«-'ng that ooncrf*e as orHinaHlv oIjw^ n th- m<t^ :» mi-nA too 
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wet. The placing of concrete is more of a simple matter, and there is possibly 
less opportunity to go astray, providing the mixing is thoroughly done and 
the consistency is right. With the practice which we have assumed to be 
right in the first two instances, about the only practice that could be econom- 
ically followed in placing is the one described in the report. 

Mr. McCullough : — In regard to the mixing, I believe that the tendency 
is to get the concrete too wet. In nearly all the road work I have seen, I 
have noticed that the contractors, on their first jobs especially, use too much 
water. 

If a spout is used merely as a conveyor, as suggested in the early part of 
the report, and no attempt is made to do any mixing in it, it seems as if it 
ought to deliver the concrete in a fairly good way. Then the only thing that 
the contractor would have to take into consideration would be the expense 
of this as compared with the use of the skip. 

I think the question of the time that the concrete should remain in the 
drum is of more importance, and that the committee has been just a trifle 
weak in their recommendations in that regard. Whereas the principal mixers 
cited have revolutions per minute ranging from i8 to lO, it would surely 
seem that the one with 1 8 revolutions per minute would mix the concrete 
better than the one with lo revolutions per minute if the concrete is allowed 
to remain in each mixer 45 seconds. 

As a result of past experience I allow nothing but a batch mixer to be 
used on any work of which I have charge. I require that the maximum 
number of revolutions of the drum shall be 20. This is modified for different 
types of mixers, for in different types different kinds of drums are used. 
The minimum number of turns that the drum shall receive shall be 10. Now 
in my opinion, if we incorporate into the clause recommended by the com- 
mittee, another clause limiting the speed at which the drum shall be operated, 
and also stating the number of complete revolutions that shall be made after 
all the material is in, a first-class specification for mixing concrete will be 
obtained. 

Some mixer salesmen understand these points, others do not. Also many 
mixer concerns advertise the number of batches that their machines can turn 
out in a given length of time. Even some of our technical papers mention 
such points in their articles concerning the qualifications of the different 
kinds of mixers. To me it does not seem that the time for turning out a 
batch is the point of prime importance. I think when we get into the habit 
of letting the contractor turn out a certain number of batches in a given 
time, require that every batch stay in the mixer a certain length of time and 
be subject to a certain number of turns per minute, then with the q>ecifica- 
tion regarding the amount of water, we will get the kind of concrete desired. 
I generally state in my specifications that the amount of water shall be such 
as to produce a pasty, rather than a soupy mixture; the concrete should not 
run freely from a wheelbarrow but should be assisted by a shovel or a hoe. 
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Ckairman—A. N. Johhioh 
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Springfield, Uliooii 
JoiEPH Htde Pratt Albeet Reichuadm, Prttidm 

State Engincci WHtera Societj' of Engtoeen 

Chapel Hill, N. C. Chicago 

The committee on cost dau begs to submit the following report: 

Your committee made an attempt to secure at first hand cost data in 
various parts of the country where concrete road construction has been done. 

Although numerous inquiries were sent out by your committee for infor- 
ination, there has not been received as yet su\y large amount of cost data 
except from the Michigan State Department, Wayne County, and the Illinois 
Highway Department. 

There has already been issued by the Association of American Portland 
Cement Manufacturers a very complete table of cost data, and your com- 
mittee decided that until more complete data was in its hands it would be 
but a mere duplication to publish what had already been issued. 

The committee has therefore confined itself to averaging the cost of work 
reported in the difitcrcnt states, confining the comparison to the one course 
construction. 

These data are presented herewith in the following table: 

AVERAGE COST OF ONE COURSE CONCRETE ROADS 

Cost Per Cost Per 

State Sq.Yd. State Sq.Y4. 

Arizona $1.20 Montana $i'83 

Arkansas 90 Nebraska '. . 1.40 

California i-i? New Jersey i.il 

Colorado 1,25 New York 

Connecticut 1.32 North Dakota 1.36 

Delaware 1.61 Ohio 1.32 

Idaho 1.09 Oklahoma 1.05 

Illinois 1.01 Oregon 1.39 

Indiana 1.23 Pennsylvania 1.16 

Iowa t.ii Tennessee t.20 

Kansas i.o8 Washington 1.31 

Maine 1.48 West Vii^inia 1.33 

Maryland 1.21 Wisconsin 1.06 

Ma^achusctts 1.29 ^^— 

Michigan 1.27 Average Total .... $1.24 

Minnesota 1.05 - 

Missouri 1.17 Weigjited Total Av. . . $1.19 

There are also pre^mted four diagrams: 

Figurr S •hxnn'nf he (l<r*ribution of co^ data cm concrete t t 



Digitizcc by Google 



COST OF CONCRETE ROADS 

Figure 9 is a similar diagram compiled from cost data reported on the 
concrete road work done in Wayne County, Michigan, during 1912 and 
1913- 

Figure 10 is a similar diagram for the work done in 1912-1913 by the 
Illinois Highway Commission. 

Figure 1 1 is the average of all the data from which the first three diagrann 
were made, taking due account of the relative amount of work done in eadi 
insunce. 

In general, it is to be noted that the labor cost is about 44 per cent while 
the materials cost is about 36 per cent; and that the cement cost is a little 
over one-fifth of the total cost of the road, while the a^regate cost is a little 
over one-fourth of the total cost. 




Concrete Ro«d con data on 7 Michigan 
roidi buili J909-I2. From a report by 
CommiiuoDer F. Rogen of Michigan. 
Av. coit per iq. yd. 



Concrete Road coil (lata, coveriiig c 
ttruction tluough 1911, by Illinoit HiEh- 
way CoiDiniifion. 




Concrete Road com data on I tectioDt in 
Wayne Co., Michigan, conttnicted 1912- 
1911. 

Average con per tn* jrd* « « • «ooc npofted 



Concrete Rowl cc 

ntcwi covering data (torn 7 Mi^igan 
roadie ■ Wayne Co., Michigan, rowb, 
and 1911-11 wotk by lUitxui Hi^nr 



a wcighte 
7 Mic£igai 



Digitizecoy Google 



DISCUSSION ON COST OF CONCRETE ROADS 
DISCUSSION 

Mr. Johnson: — I should like to call your particular attention to the 
weighted average cost per square yard which is given as $1.19. You will 
note that we have also presented some diagrams showing the per cent cost of 
the various items entering into the work. The main sub-division is between 
materials and labor. In the more detailed sub-division, we find that cement 
costs about 22 per cent, aggregate about 28 per cent, and joints, fonns and 
miscellaneous supplies about 6 per cent. I call your attention to these percent- 
ages as making possible the study of any advocated economy in different por- 
tions of the work. For instance, wc may be offered a special device — perhaps a 
rather high-priced affair that is going to cut the cost of that particular part of 
the work in two. In studying the percentages, we may find, perhaps, that the 
total cost of this particular portion of the work does not total over j or 10 per 
cent; so that the most we may be able to save on the job is 2 or 3, or at best, 
5 per cent. Now this device may be so high-priced that it would have to 
be used on a great number of jobs to possibly save its cost and make its 
purchase justifiable. 

It did not seem to us that the available data on the cost of two-course 
work was in digestible shape, so that we were unable to draw any definite 
conclusions. The variation on two-course work is so much greater than on 
one-course work, that it is difficult to draw comparisons. I can say, however, 
that two-course work in general is more costly than one-course work, but the 
extent of this difference I am unable to give. 

Mr. Boley; — I am able to give you some figures on the two-course pave- 
ments laid in the city of Sheboygan. The costs ran from $1.20 to $1.33 per 
square yard. The lowest cost we ever had was $t.20. This occurred in 1911 
when the price of cement was comparatively low. My experience has only 
been with city streets, which, in this case, were 30 feet wide, 8j-^ inches thic^ 
in the center and 6j^ inches on the side. 
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REPORT OF COMMITTEE XIII 

THICKNESS, CROWN AND GRADES FOR 
CONCRETE ROADS 

CAnir moH— Leon AM) S. Smith 

In C)uig« of Roadi ind Pivementt, Univenity of Wiiconrin, 

Madiaon, Witconun 

Earle R. Whitmore T. R. Aoc 

City Engineer Au't Profeiior in Civil Engineering 

Port Huron, Mich. Iow» State Collcse, Ame*, low* 

Even the hurried and incomplete exaoiinttion of the literature concerning 
thickness, crown and grades of concrete pavements discloses the fact that a 
very considerable variation in practice has existed in the past. In fact, in view 
of the many local factors which must and should control such details, we do 
not see how in the future it will be possible to standardize such matten, 
except to a limited extent. 

The observations of your committee indicate that future failures in con- 
crete pavement are more apt to result from a lack of faithfulness and skill 
in the selection of materials and their proper incorporation into the pavement 
in a workmanlike manner than they are from improper details of desi|[n. It 
must be admitted that the greatest obstacle to securing excellent pavements 
of any type is the difficulty in securing competent inspection. This Js par- 
ticularly true of concrete pavements because of past conditions too well known 
to need discussion here, but growing out of the careless and unskillful manner 
in which concrete for pavement foundations has been constructed. 

A review of present practice of any art is usually illuminating and in case 
of a comparatively new structure — like the concrete pavement — is likely to 
be of considerable value. 

THICKNESS 

The thickness of the concrete pavement is controlled by many faaors, 
such as condition and character of the subgradc, drainage, traffic, climatic 
conditions, width of pavement, etc. Tliree distinct types of cross-sections 
are in general use: 

A. Uniform thickness of concrete for all'widthsof roadway, and cott- 
sequently with the same amount of crown in tiie foundation as in the surface. 

B. Roadways in which the concrete is thicker at the center than at the 
edge but in which some crown is given to the foundation. 

C. Concrete roadways in which the concrete is thicker at the middle 
than at the edge, but which are built upon a flat subgrade. This type seems 
to be fast gaining in favor. 

In one of die publications of the Association of American Portland 
Cement Manufacturers, entitled "Concrete Hia^ways," may be found a table 
giving data on die thickness of about 600 concrete pavements in this country. 
In Appendix I may be found some additional information on this point, 
collected by the oomniittee. 
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REPORT COMMITTEE ON THICKNESS. CROWN 

It will be seen from these data that the thicLmess of concrete pavements 
varies from 6 to 8 inches at the crown line and from 5 to 8 indies 
at the edge. The necessity for the greater thickness is perhaps more urgent 
in the northern than in the southern parts of the United States, because of 
the greater extremes of temperature. Because of the growing tendency to 
increase the size of the loads, it seems reasonable to suppose that we have 
not yet reached the extreme limit of thickness required. 

Because of the fact that the members of this committee have had their 
attention directed chiefly to the conditions obtaining in the northern states, 
it is not without some misgivings that they su^;est the following as conforming 
to the best practice: 

1. Where the width of roadway is not greater than 16 feet, with a 
porous subsoil, subgradc in good condition and well packed and with loads 
not exceeding six tons, including the vehicle, a thickness of 5 inches at the 
edge of the slab and 7 inches at the center is sufGcicnt without reinforcement, 
using slabs not greater than 16 feet square. 

2. On day soil and the above general conditions artificial drainage 
should be provided and reinforcement used (J4 to /^ pound per square foot), 
placed i^ to 2 inches from top surface; and slabs made not larger than 
16 feet square and not less than 6 indies thick at edge of slab and 8 at the 
center. 

3. Where the roadway is in excess of 16 feet with loads of 6 to lO tons 
but with the other general conditions as described in (i), the crown of the 
pavement should have a thickness of 8 inches and the edge 6 inches. Under 
such circumstances reinforcement will usually be considered necessary and 
economical. 

CROWN 

Unlike some types of pavements, those of concrete arc undamaged by 
water, unless it should find its way to the subgrade. However, since even 
thin sheets of water or ice on the surface of any pavement arc objectionable, 
a sufllicient crown must be provided to insure the unwatcring of the pavement. 
Theoretically, with perfectly surfaced concrete, only a very slight side fall 
is required to accomplish this. Practical experience in such construction, 
however, has demonstrated the great difficulty in preventing small imper- 
fections and depressions in the surface, therefore sufficient cross fall must be 
provided to insure drainage. The difRcuIty of accomplishing this is increased 
because of the suspension of large amounts of dust in the street water. 

Attention is directed to the fact that on city streets with side curbs we 
face 8 different problem from that found in a narrow country road without 
curbs. In the city street the crown must not only be sufficient to cause the 
water to run from the center to the side of the pavement, but also enough 
to insure that an undue proportion of the pavement shall not be covered by 
water. This requirement is aided if the pavement is given a "peaked" crown, 
i. e., say % of the total rise at % distance from center to curb, and ^ at 
half the distance. 

The small crown that may be properly used on concrete pavements is 
justly considered an important merit of this type of pavement. Data have 
been collected which seem to show that in the case of uniformly thick concrete 
pavements, the amount of central longitudinal failures has varied directly widi 
the amount of crown. To a lesser extent this would be expected of the other 
types, thus furnishing an additional reason for the adoption of a minimum 
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AND GRADES FOR CONCRETE ROADS 

In Appendix II will be found the practice regarding crowns in about 
thirty cities, from which it appean that the minimum crown used on streets 
is 1/160 of the width of the road and the maximum 1/48. With few 
exceptions, the crown varies between 1/70 and i/ioo of the width. When 
the climatic conditions will allow, it is our opinion that a crown of i/ioo 
of the pavement width represents present best practice, 1^6 use of the high 
crowns has in large part resulted from past experience with other types of 
pavements where high crowns were really required. We are of the opinion 
that in future construction, as methods of handling materials are improved 
and contractors become more experienced, engineers should not hesitate to 
specify as low a crown as 1/150 part of the width. Indeed, this has already 
been done to some extent. 

The purposes of this report do not contemplate a discussion of the subject 
of crown formulas, but a few suggestions may not be out of place. 

The present common practice of specifying an arbitrary crown ratio for 
streets varying in width by 75 or moro per cent, and this, too, quite 
independent of the street grade, does not appear to be founded on any 
reasonable basis. Unless local conditions forbid, a smaller crown should be 
designed for a heavy than for a light grade street. Tables have been pub- 
lished which give the allowable crowns as a function of the grades. This 
whole matter would seem to deserve much more attentioo than it commonly 
receives. 

GRADES 

The committee have been unable to find any reliable data on the relative 
slipperiness of concrete pavements. It is greatly to be regretted that such 
information is not at hand. In view of the case with which tests of this 
nature could be made and the importance of such knowledge in the design 
or selection of pavements, we recommend to this convention that experimenti 
along this line be undertaken.* 

From such observations as we have been able to make, we sec no reasons 
why a concrete pavement, properly finished, may not be used on grades as 
steep as any other hard surfaced pavement, and on steeper grades than either 
wood or asphalt. On steeper grades than 3 or 4 per cent shallow corrugations 
in the surface will be found of much assistance — in fact, with grades of 5 
per cent and over, a real necessity. 
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REPORT COMMITTEE ON THICKNESS, CROWN 

APPENDIX I 

DATA ON THICKNESS, CROWN AND GRADES FOR CONCRETE ROADS 

One Courte Pavement 



Location of 
Road 


Mixture 

of 
Concrete 


Thick- 

neai 
inches 


Width 
fwt 


Kind& 

Size,. 

txpansion 


Crown 
Inches 


Service 
Reports 






middle 








Wayne Co., Mich. 

Grand Rvr. Rd. 
Wayne Co., Mich. 


.-iH-3 


7 
7 


16-TO 
16 


Baker Platei 
St tar paper 
iS ft. apart 

Ditto 


1.9 to 
,/foi.. 

fidth 




D Slteel, So. Omiha 


I-4J4-S 


8 


30 


Sped. 30 ft. 






Polk St. 
Memphi,, Tenn. 


1-JK-4K 


6 


30 


board' filler 


a 

I/4S wd. 




Jenningi St. 
Sioux City, la. 


1-3-43^ 


S 


38 


JSft. 




SadsfictoTF 


Front St. 
Boiie. Idaho. 


1-3-7 


8 


69W 


JSft. 


9 

1/93 wd. 


Satiifactocy for 
2W yrs.' 


11 nd. Street 
Kansas City. 


i-*^S 


6 


26 


None 
in 150 ft. 




10% grade. 


Bonneauville Rd. 
McSherrytown, 
Pern. 


'-3-S 


S 


16 


SO ft. 






Cemetery Rd. 
Red Oak, Iowa. 


I-I-4 


6 


»4 


16 ft. 


i/sJwd. 




State St. 

Bettendorf. la. 


i-l)^* 


6 


«, 


ItH ft. 


Slope 3* 
1/80 wd. 




Hilliboro Rd. 
Greenvillt, III. 


i-3>^5 


8 


16 


25 ft. 


Slope I- 

1/191 wd. 


Satitfactory. 



Tvro Course Pavement 



■-!« 
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AND GRADES FOR CONCRETE ROADS 
Two Coune PavemcDt (Cont'd} 



LOMMJ of 


Mixture 

of 
Concrete 


Thiek- 
neis 

inchet 

middle 


Width 
in 
feet 


Kindle 


Crown 
lochM 


Service 
Report! 


E. Kaiuu St. 

Liberty, Mo. 

Front St. 
Milford, Del. 


i-a-j 
baK 
i-i 

..S.S 

ba«e 


5 base 


N.B. 
iSto 
J9 

>8 


soft. 
100 ft. 


./.^to 
1/1S6 of 
ntdth 

t/48wd. 




Braidway, 
DtPete, Wit. 


top 

•■•a 


6-lJi 


iBto 
56 


50 ft. 






Baldwin St. 
H>rUn, la. 


top 


4-a 


30 


40 ft. 






UMar^ Iowa. 


top 

1-6 

((ravel) 


s-iW 


30 




1/71 wd. 




Main St. 


top 
1-1-4 
bate 


sH-iH 


6J 


100 ft. 






Doty St 
Fond du Lac.Wii 


■i 


s-iH 


30 


soft. 


1/110 wd. 


Reinforced 18' 
middle. 


Edwardiville, 
Illinoit. 


•'-sL 


6 


'5 


soft, 
plate) 


l»r 




"SSJ: 


1-1-3 J^ 


6 


9 




' 




^«?' 


i-a-3J^ 


8-6 


i8 








LaSalle, 
lUinoit. 


i->3>i 


7-6 


i6to 

10 








Shirley, 
lUinoit. 


I-J-3M 


6 


8 








Carlinville, 
IlUnoii. 


I-1-3H 


6 


■6 


■ 






Amct, Iowa. 


I-1-4 


7H^ 


18 


.5 ft 


1/118 wd. 




aur Uke. 


I-J-4 


7J<^ 


16 


ijft. 
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REPORT COMMITTEE ON THICKNESS, CROfFN 
APPENDIX II. 

DATA ON CROWN DSED IN CONCRETE PAVEMENT 



City 



Width of Street 
or Alley. 



Crown of 
Street inches 



Ratio of Crown 
to Width Stieet 



Davenport, la . . . 

Dubuquct la 

Cresco, la 

Vinton, la 

Council Bluffs, la 
Qear Lake, la , . . 
Cedar Rapids, la. 

Mason City, la. . 



Le Mars, la 

Rockville, Ind 

Menominee, Wis . . . . 
Fond du Lac, Wis. . . 

Newton, III 

Liberty, Mo 

Mulford, Del 

Wayne Co., Mich... 

Ann Arbor, Mich 

Bay City, Mich 

Grand Rapids, Mich 

M « 

Kalamazoo, Mich . . . 

Owosso, Mich 

Toronto, Can 

Brantford, Can 

Edmonton, Can 



Alley 13-16 ft, 

" 20 
Street 14-32 

" 52 
Alley 10 

" 20 
Street 29H-42 

" 46 

" 20 

" 50 

" 16 

« 18 
Alley 33 
Street 18 

- 30 

: II 

: ix^ 

• 27 

" 30 



Alley I 
Street 2 



28-39 
28 
l6 
30 

3J 



IS 
67 

+2 
60 
16 

It 

40 



4 depressed 



6 concave 

3 

6 



9 
5 

4 

U 

3 
7 
2 
6 

4 
7 



■/♦o-i/So 

1/50 
1/50-1/70 

1/80 

,/6o 

1/50 
I/60-I/83 

1/90 

1/160 

\'/U 
1/72 

1/66 
I/7I 
1/60 
1/60 

i/ioo 

./60 

1/75 
1/78 

I/96-I/I26 

1/80 
1/80 

I/80 
1/77 
1/80 
i/ioo standard 
1/112-1/156 
1/48 
1/96 
1/60 
1/72 
1/61 
1/108 
i/SJ 
1/96 
1/88 
1/84 
1/80 
1/96 
■/S7 
l/5» 
1/130 
l/6s 
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ASD GRADES FOR CONCRETE ROADS 
DATA ON CROWN USED IN CONCRETE PAVEMENT (Cont'd) 



aty 


Width of Street 
or Alley ft 


Crown of 
Street inches 


Ratio of Crown 
to Width Street 




Street 24 
" 44 

: 51 

" 24 








1/96 

i/ios 

i/ioo 

i/SS 

1/75 

I/S7 


Maisoneuve, Can 

Peterborough, Can 


St.Thomas, Can 

Windsor, Can 





DISCUSSION 

Professor L. S. Smith: — I should like to conunend the idea brought out 
in the report concerning dished foundations. At first, of course, wc revolt 
from that, because of the fact that it is bound to add to the expense of our 
highways. However, it is worth noting that as wc have made progress in 
this country in the construction of pavements, such progress has nearly always 
been accompanied by a corresponding increase in the cost. The time is past 
when wc can consider that this is the greatest obstacle. What the people 
arc going to demand very soon will be the best form of pavement, and it is 
up to the engineers to design that form. I have all the greater confidence in 
the report on the di^ed foundations in view of the fact that the investigations 
have been made with full sized pavements, rather than as laboratory experi- 
ments. 

I am not sure but that in the northern part of the southern states greater 
extremes of temperature are likely to occur because of the lack of snow; 
that is, the pavements do not have the protecting blanket of snow that covers 
the pavements in the northern states in the coldest weather. 

I was very much impressed with the fact that the European practice, 
almost univer^ly, is for a much thicker foundation on all of their pavements 
than those whid) we use in this country. In cities as large as Chicago, 
Europeans do not hesitate to use 10, or even 12 inches of concrete as a 
foundation for their pavements. The reason for this is not hard to see if 
we note the size of the loads that these pavements have to carry. 

In Fond du Lac, Wisconsin, there is a pavement reinforced with No, 7 
wire mesh. It was obvious to me from the investigation that I made there 
that this wire was too light, as it did not sufEce in greatly reducing the number 
of cracks and only to a small extent in reducing the size of the cracks. This 
would seem to indicate the necessity of heavier reinforcement than has been 
specified. 

Mr. F. P. Wilson: — In the past five or six years I have designed and 
constructed approximately 320,000 square yards of concrete pavements for 
dty streets in Iowa and other states in the northwest. A two-course pave- 
ment has been used throughout. This was made 7 inches in thickness, die 
bottom or base of concrete 5 inches in thickness, and the top or wearing 
surface 2 indies in tbidcneas ; using the same dudawii of tlabi on reddeoGe 
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DISCUSSION ON THICKNESS, CRO/FN 

as well as on business streets. In city streets the traffic is so steady that it is 
spread over the entire surface of the pavement, and for that reason we have 
made the slabs the same thickness from curb to curb. 

A flat crown concrete pavement in a city street docs not properly take 
care of the drainage, especially where there are no storm water sewers. Nor 
docs it have the sightly appearance of one that is curved slightly between the 
crown and the quarter with an increased curvature 5 or 6 feet out from 
the curb line. And further, the flat crown does not match up well with the 
pavement which it joins. For these reasons I have constructed the crown 
of the concrete pavements the same as the crown of the existing pavements. 

On country roads most of the travel is along the center of the roadway, 
so that I think it is permissible to decrease the thickness of the slab on the 
side. By having a flat sub-grade, the necessary crown can be obtained b^ 
making the center of the slab i^ inches to 2 inches thicker than the sides. 
This crown, though flat, is admissible on account of the width of roadway 
paved being narrow, and because the drainage is usually taken care of outside 
of the portion paved. 

A concrete pavement properly constructed, and the surface finished in a 
workmanlike and up-to-date manner, can be used on any street whether the 
grades are heavy or light, and still have a surface that is less slippery than 
that of any other pavement known. I have used grades as steep as 9.5 per 
cent without corrugating the surface. Although this was on streets where 
the traffic was heavy and constant, I have not heard of any complaint about 
the pavement being slippery or impassable. I do not corrugate a. pavement 
on a grade under 10 per cent as I rfiink such construction is bad. The corru- 
gations are lines of weakness that arc likely to cause the pavement to break 
down. The proper surface is obtained by the use of a wooden float made 
of coarse-grained, soft wood. Tliis is sawed out of a stick or block of wood 
with a rip saw, whidi leaves a rough surface. Sudi a float, when properly 
used, will produce a surface on the concrete pavement which is smooth and 
sightly, and still rough enou^ to produce sufficient traction for horses and 
vehicles. 

Mr. Morse: — Although all the recommendations for good aggregate, 
dean sand, and proper reinforcement are necessary, these do not seem to me 
to give a solution for preventing cracks. For this purpose, a slab which is a 
self-sustaining beam should be designed. According to calculations made on 
this basis I came to the conclusion that the proper thicknesses for pavements, 
8, 12, 16, 20 and 24 inches wide, were respectively, 6, 7, 8, 9 and 10 indies. 
To me it is as rational to make a lo-foot pavement 8 inches thick as to 
make a 20-foot pavement 7 inches thick. The first is a waste of good material, 
and the second leads to certain failure. In other words, the thickness of the 
slab should increase as the width of pavement increases. 



Mr. Warren: — Investigations seem to indicate that we have in the past 
been building our pavements too thin, which leads me to think that the 
committee's recommendation that the thickness should increase directly as 
the width is very important. One of the reasons why the pavements with 
dished sub-grades have given such success is that a crowned slab on a dished 
foundation is necessarily thicker at the center than a slab on a flat or crowned 
sub-grade. Where people have begun to construct dished sub-grades, they 
have rccogp''-'*' th^ "w-essity '•f ann''"ne soVntific Qrinr*>n'^ •■• '■'■e »'™flp of 
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In my opinion good results cannot be obtained bjr using the figures of 
the Association of American Portland Cement Manufacturen referred to in 
this report. I would recommend, therefore, that in order to get the right 
thickness and a scientific design, those figures be stricken out. 

Mr. Wig: — When a slab that is laid on the dished sub-grade expands, 
it will have to extend against gravity; it will be restrained more than if it 
were simply on a flat sub-base and therefore will not move as far, but will 
put greater compressive stresses in the concrete. Then in contracting it will 
simply relieve this stress, because it will not have to contract as far as it 
otherwise would with the sub-grade flat or crowned. In addition, such a slab 
will have a tendency to wedge itself into the sub-grade, which tendency ought 
to keep the sub-grade more firm than it otherwise would be. 

Mr. Boley: — On our 30-foot roadways in the city of Sheboygan, we have 
8 total thickness of Syi inches in the center and 6yi inches on the side for 
the two-course concrete pavements. The usual crown is from 3 to 4 inches. 
In our work on macadam streets, of which we have a large number, the 
custom was to give a larger crown on hills than we did on level streets, in 
order to shed the water to die sides as quickly as possible. Tliat would not 
be necessary in the case of concrete streets, because there the water will not 
stand. For such streets the amount of crown should decrease as the grade 
increases. 
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REPORT OF COMMITTEE XIV 
PROPORTION AND CONSISTENCY OF 
MATERIALS FOR CONCRETE ROADS 

Ciairman—C. V. BoLET 
Cit^ Engineer 
Sheboygan, Wia. 
C. C. WtDENEK Geoige a. Dihguam, EDEineer 

City Engineer Bokrd of County Road CommiHiancn 

Bozeman, Mont. Wayne County, Detroit, Mich. 

Any specification for proportion and consistency of materials for concrete 
pavement must be general and suggestive, rather than mandatory, adaptive, 
or rigid. The representatives at this conference come from all parts of the 
country, from districts whose geological formations furnish concrete materials 
diflering widely in their physical and chemical composition, and also furnish 
soils of equally wide characteristics upon which these pavements are to be laid. 

From these geological formations we get as materials for concrete pave- 
ments all varieties of rock, gravel and sand, as from the cement manufacturers 
we get the various brands of cement to bind them together. The cement 
problem has been standardized but the aggregate problem has not. Each 
locality must conform its practice to meet local conditions of material, soil, 
climate and traffic. 

A rule that may be admirable for a granite district, furnishing hard 
cubical well graded rock, may fail utterly if applied to a district whose only 
resource is soft limestone or gravel that washes into shape instead of frac- 
turing into sharp angled cubes. 

Ideal paving concrete is a combination of perfect mineral aggregates and 
cement in such proportion as will give the greatest possible density, and in 
which, for economical considerations, the cement content is the least possible 
consistent with ultimate strength and durability. Relative cost of material 
may justify greater thickness of base with less crushing or tensile strengdi 
per unit area. 

CONCRETE PAVEMENTS 
PROPORTIONS OF CONCRETE 

For the base of two course pavement, with sound hard limestone or gravel 
having 40 per cent voids, screened washed bank sand having 50 per cent voids, 
and Portland cement passing the standard specifications of the American 
Society for Testing Materials, the proportions should be one (l) sack of 
cement, two and a half (2j^) cubic feet of sand and five (5) cubic feet of 
crushed stone or gravel, the aggregate having been so proportioned as to 
eliminate the voids as far as practicable. 

For single course pavement the proportions should be one (i) sack of 
cement, two (2) cubic feet of sand and not more than three (3) cubic feet of 
crushed stone or gravel, 

•CONSISTENCY OF CONCRETE 

The amount of water should be such as to make the concrete plastic and 
still retain its sh^iDe such »■ is c"'""'""''- '•^Wf* <• -I'lsV^iij mixture. Mediodi 
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and distance of transportation before depositing will be factors in determining 
the amount of water used; concrete deposited from buckets, traveling along 
a boom, may have more water added than when wheeled for a considerable 
distance in barrows or carts. In the latter case the unavoidable shaking 
brings the lighter materials to the surface and causes a segregation of the 
materials, which results in an improper mixture when deposited. 

PROPORTIONS OF WEARING COURSE 

The fine aggregate for wearing course shall be mixed with Portland 
cement in the proportion of one (i) sack of cement to two (2) cubic feet 
of the graded mineral aggregate. While this furnishes a considerable excess 
of cement we get greater impermeability. 

CONSISTENCY OF WEARING COURSE 

Sufficient water shall be used with the fine aggregate to form a mortar 
that will work easily under the template and at the same time retain its shape 
when deposited. 



DISCUSSION 



Mr. Boley: — I want to call your attention to the necessity for the 
latitude that must be allowed in any ^ecification for proportion and con- 
sistency of materials. The matter of consistency has been taken up in a 
former paper in a manner somewhat similar to that herein presented. I will 
say that we have had cases on our streets where the material had to be moved 
some distance. We found that the shaking of the vehicle in which it was 
transported, whether a wheelbarrow or a cart, would cause most of the fine 
material and water to be brought to the surface. Then, when it was dumped 
out of the barrows, the water would soak into the sub-grade and leave the 
top too dry. That is, too wet a mixture, especially when it has to be trans- 
ported some distance, segregates the materials. 

Although our report calls for I sack of cement to 2 cubic feet of a 
graded aggregate as a suitable mixture for the wearing course, I would say 
diat the mixture used on most of our streets was even a little stronger in 
cement than that. We have, say, 40 per cent cement and 60 per cent of the 
graded a^regate. 

Mr. Tunnidiff: — I would like to call the attention of the Conference to 
the specifications for aggregate given in the last paper. These are based on 
the percentage of voids. That does not seem to me to be in accord with the 
recommendation of Committee No. 3, where the specifications were made 
for the amount of material which would pass certain sized screens. Of 
course there is a relation there, but I am not personally satisfied whether the 
two methods are identical. 

Mr. Webster: — It has been a matter of great interest to us in DeLand, 
Florida, to place our materials quickly enough from the mixer. The rule 
that we are now using in our sidewalks is to keep the mixer close to the 
work, and as we use a rather small batch machine, the material is not trans- 
ported in wheelbarrows at all. It is simply turned down to the platform and 
handled by shovels directly into the forms. I offer this at a suggestion, for it 
nuqr be poasiUe in fome of din road wxak to handle the matertal in die same 
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way. In our work eveirthing is put in place within 60 seconds from die 
time it is mixed. 

Mr. Boonnan : — In every section of the country different problems arise 
aflectins the desirability of the proper kind of pavement to uic In Cook 
County, with the cement produced virtually on the roads, it would seem >i 
though concrete roads should be the best construction from an economical as 
well as a practical standpoint. I do not see how the use of expansion joints 
and asphaltic coatings can be avoided there. But in a climate of an even 
temperature like that of Panama, which creates no tendency towards expan- 
sion and contraction, such joints and coating may well be omitted. Xhia was 
actually done in that place, for the engineers decided to omit the use of a 
bituminous filler that had been sent by the Government. 

Mr. Hewitt : — In the several years' experience that I have had in putting 
in concrete, I have tried both the method of placing the material direct from 
the mixer and from carts. It seems to be the opinion here that the concrete 
should be rushed immediately into the work. In order to do that the mxtcrial 
must be distributed along the road. T^is means a mixer that not only inixa 
the concrete and deposits it, but one that also moves along the road at the 
same time, or at frequent intervals. Although I own such a madiine myself, 
I am still in favor of the proposition of depositing the concrete from a. cart. 
With such an arrangement the mixer can be set at the stod: pile and its 
batches dumped into a cart and transported 500 or 600 feet up the 
road and dumped. The surplus water that comes to the top can certainly 
be di^Msed of somehow. After the cart is dumped the concrete can be 
spread out and worked, for there will be enough moisture there to flush die 
surface of it. 

I would like to suggest placing the material on planks in order to keep 
the stock clean, inasmuch as every one seems to agree that that is very essoitiaL 
This does not involve a large expenditure, unless the number of stock piles 
is very great, in which case the cost would be too excessive for the contracMr 
to bear. This is another argument in favor of few stock piles, infrequent 
movements of the mixer, and transporting the material by carts. 

Mr. Gerber: — I would like to ask the engineers of Sheboygan and Mason 
City, Iowa, if in their two course work they mixed the concrete for tbe 
bottom course with less water than that for the top course, especially where 
reinforcement was placed between the two courses. Of course, I understand 
that as in sidewalk work the top course must be placed before the first course 
has entirely set ; but I have heard considerable discussion as to the desirabiliQr 
of the bottom course being drier than the top course. 

Mr. Bolcy : — In our work we usually make the bottom course drier than 
the top course. 
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REPORT OF COMMITTEE XV 

FORM OF SPECIFICATIONS FOR CONCRETE 
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Chairman— A. Marstom 
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A. N. Talbot, PrtriiUnt Ueokge W. Cooley 
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Urbana, IlliDoU St. Paul, Minoetot* 

Your committee submits the fotlowing suggestions for a proposal, contract 
and ^xdfications for concrete road construction. 

I. PROPOSAL 

1. Instruction to Bidders, tiote. This paragraph may include 
3 detailed statement of the manner of bidding on the work which is 
indudcd in the contract, the work or materials incident to the constniction 
that are furnished by other than the contractor, provision for mailing bids 
and name and address of ofEcial who is designated to receive bids, time and 
place of opening of bids, prescribed form of bidding blank, provision that bids 
must be sealed, statement making the proposal a part of the contract if 
accepted, etc. 

2. Location. No/«. Insert a specilic description of the proposed 
improvement in such a form as may be required by law or may b«$t indicate 
to the contractor the location and extent of the proposed improvement. 

3. Estimate op Quantitibs. Nott. Insert a form of estimate of 
quantities which will be consistent with the manner of bidding. If lump 
sum bids are taken, then give total quantities. If unit prices are called for, 
then give quantities of each class of work and material. 

4. Certified Check. Note. State the amount and form of certified 
check or other deposit required with the bid, and what provisions are made 
for returning certified check or other deposit to unsuccessful bidder. 

5. Beginning and Completion op Work. No/«. Name a date for 
the beginning and a date when the work must be completed; provide for 
completion of the work by day labor if contractor makes untatisfactorf 
progress; also provide the amount of damages accruing for each day of ovei^ 
time if the contractor fails to finish on time. 

6. Plans and SpECincAXiONS. iitte. Provide for die idendfkatioa 
of the plans that accompany the qMctficationa, die Kope of cadi, and v^iidi 
shall govern (n caae of ditcr^andea. 
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J. Extra Work. Note. Provide for extra work to be done only 
upon written authority from proper officials at a predctemuned price, or a 
may be deemed advisable. 

8. Pkice Sheet. Note. The price sheet should indude suitabk 
forms in which the bidder may insert his prices, the form beins arranged for 
the manner of bidding determined upon. The price sheet ma^ include a 
statement to the effect that the bidder has examined to his satisfaction the 
plans and specifications and the site of the proposed improvement. TTiere 
should be on the price sheet a signing place so that the bidder can sign regard- 
less of any provision elsewhere in the specification for a signature. 

n. CONTRACT 

9. Contract. Note. Any suitable legal form may be used. The 
following form of contract or some modification of it is in quite general use: 
County of 

Town of 

For the improvement of the Road (or Street) 

commencing 

and extending thence in accordance with the provisiooi 

of sections inclusive, of the statutes, and of the qwcifications annexed 

hereto, made and concluded, subject to the approval of the 

, this day of , 191 , 

by and between party of the first part, and 

party of the second part, hereinafter called the Contractor. 

WITNESSETH: That in consideration of (insert 

price sheet or other statement of contract prices) to be paid by the party of 

the first part in the manner following, to wit : 

the said Contractor agrees with said party of the first part at his own proper 
cost and expense, to do all the work of said improvement according to the 
provisions of the plans herein referred to and of the ^ccifications hereto 
attached and made part hereof, and subject to all the terms and conditions 
of said specifications, and to furnish all labor, tools, machinery and materials 
except necessary therefor. 

In WtTNESS Whereof, the parties hereto have set their hands the date 
herein named. 

III. GENERAL CLAUSES 

10. Work to be Done: Materials and Tools. Note. A detailed 
statement of the work required under the contract and the materials 
and tools must be furnished by the contractor, including a statement as to 
what tools or materials, if any, will be furnished by the party of the first 
part and on what terms. 

11. Notice of Beginning and Completion op Work. Note. 
Provide that engineer or other ofScial be notified in advance of the begin- 
ning of the construction of the work so that suitable arrangements can 
be perfected for inspection. Also provide for a written notice to engineer or 
other official that work is ready for final inspection. 

13. Laws and Ordinances. Note. Provide for observance of 
state, county or municipal laws or ordinances applying to work in hand, 
protection of trav'li'"j pubtJr from danger of inj"ry or 1n«s if life by means 
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13. Protbction of Work During Construction. Note. Provide 
that contractor must protect all parts of work whether complete or incom- 
plete until final inspection and acceptance; also provide that if natural or 
artificial drainage along or across the improvement is interfered with, the 
water shall be taken care of without causing damage to property or injury 
to persons. 

14. Payments. Note. Provide for the amount and frequency of 
partial estimates and for final estimate and acceptance. Quantities of various 
kinds of work shall be paid for according to the engineer's measurements. 

15. Bond. Note. Amount of bond should be determined by engineer 
unless fixed by statute. Kind of bond and time allowed for filing should be 
given. 

16. Incompetent ok Disorderly Workmen. Note. Workmen who 
are incompetent for work they are doing, or who deport themselves in a 
manner to annoy the public, must be discharged upon request of the engineer 
or inspector. 

17. Workmen's Quarters. Note. Provide that temporary quarters 
arranged for workmen be maintained in sightly and sanitary condition, 
and that all conveniences that are provided be subject to inspection and 
regulation by the engineer. 

18. Duties of Inspector. ^0/*. The duties assigned to the inspector 
and the authority given him are not the same in all cases, and one or the 
other of the following may be used: 

(a) The inspector may have no authority to pass on the suitability of 
materials or of work done, but may merely report what he sees to the 
engineer who reserves the right to finally pass on such matters himself. 

(b) The inspector may be given authority to finally pass on the question 
of materials and the sufficiency of the work, in which case acceptance by die 
inspector is equivalent to final acceptance of the work. 

In either case the clause defining the duties of the inspector should clearly 
indicate their scope. 

19. Definitions. Note. The status of each person or ofEcial body 
concerned with the work should be clearly defined. Usually there will he 
four parties interested as follows: 

(a) Party of the first part. 

(b) Party of the second part. 

(c) Inspector. 

(d) Engineer. 

20. Plans Are a Part of Contract. Note. This clause should 
identify the plans and ^Kcifically provide that the plans so identified 
arc a part of the contract. The identification may be made by means of 
title, number or other suitable designation so that it is inclusive and exclusive. 
Work done to be true to alignment, grade and cross section shown on plant. 

31. Engineer's Grade Stakes. Note. The necessary grade and line 
stakes are to be set by the engineer. The stakes and laborers used in setting 
shall be furnished by contractor. If disturbed, contractor shall pay aaual 
cost of re-setting. 

2a. Engineer as Rbpbreb. Notr. In case of dispute between 
the party of the first part and party of the second pan the engineer should 
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be the referee and his decision should be final and binding on both alike. It 
is conceded, however, that his decision would be subject to review by the 
courts, providing either party was unwilling to abide by his decision. Such 
:, it is believed, would surely be had, at least on small matters. 



23. Imperfect Work or Material. Note. Materials not meeting 
the specifications are to be removed from the site of the work imme- 
diately upon being pointed out to the contractor. Imperfect work likewise 
shall be remedied or replaced by approved work immediately upon being 
brought to the attention of the contractor by the proper offidal. 

24. Changes in Plans. Note. Changes in plans may be made 
when necessary, but if productive of increased cost, allowance shall be made 
for such increased cost in an amount to be agreed upon in writing before die 
changed work is started. Deduction to be made in like manner. Changes 
in plans so made shall not invalidate contract. 

25. Contractor's Liability. Note. Contractor must file with his 
bond evidence of having taken liability insurance to protect his laborers and 
the public during the construction of the work, unless liability laws of states 
afFord protection in some other manner. 

26. Guarantee. Note. Any desired guarantee clause may be inserted. 

27. Sub-letting Contract. Note. Contract shall be sublet only upon 
approval of the party of the first part or the engineer as may be deemed 
advisable in individual cases. 

28. Preserving Monuments and Landmarks. Note. Contractor 
must preserve corner stones, bench marks, or other monuments encountered 
in the progress of the work until they are suitably referenced by the engineer, 
when they may be removed if necessary in order to properly prosecute the 
work. 

29. Instructions to Superintendent. Note. The contractor shall 
designate some one as superintendent with authority to deal with the engineer 
if the contractor himself is not present. Instructions so given to be considered 
as having been given to the contractor himself. 

IV. SPECIFICATIONS FOR ONE OR TWO COURSE 

CONCRETE PAVEMENT 

USE CLAUSES AND CLAUSE NUMBERS ENCLOSED IN [] 
FOR TWO COURSE WORK ONLY 

30. Materials, (a) Cement. Specify that quality and tests shall be in 
accordance with the standard ^ecifications of the American Society for Test- 
ing Materials. 

(b) Coarse aggregate for lower course. Specify kind, quality, grading 
and tests. 

(c) Fine aggregate for lower course. Specify kind, quality, grading and 
tests. 

[{d) Aggregate for wearing course. Specify size, grading and tcMs.] 

(d) [(e)^ Use of pit run trtr"' P-ohiWt -»' im!* "ti ji«* a» *) 
utvMahlr 
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(e) [(0} Water. Provide that it be free from appreciable quantities 
of sewage, acids, alkalies, clay or loam. 

(0 [(e)] Bitum'mout filler for exfantion joints. Spedfy kind and 
character desired. 

(e) [(h)] Bituminous material for surface coating. Specify kind and 
quality. 

(h) [ (i) ] Protection plates for expansion joints. Specify size and diar- 
actcr of plates or other protection device. 

(■) [(J)] Reinforcing metal. Specify kind, size and quality. 

(J) [(^)] Gravel or chips for bituminous surfacing. The material 
used for dressing the surface after the bituminous material has been spread 
should consist of good, dean, hard torpedo gravel or three-eighths incJi 
screened chips obtained from trap or equally hard rock. 

31. Machinery, (a) Concretemixer. If special kind or type desired, 
so specify. 

(b) Roller. Specify kind and weight of roller to be used for compact- 
ing earth foundation. 

32. Earthwork, (a) Excavation. Method of working and disposal 
of materials to be specified as desired. 

(b) Embankment. Method of placing and compacting to be specified as 
desired. 

33. RoADBBD. Hole. Define and describe its method of preparation. 

34. Shoulders and Side Roads. 'Nate. Define and specify method of 
construction. 

35. Under Drains and Lateral Drains. Note. Specify type, dimen- 
sions and method of constructing the desired system of drains. 

36. Side Forms. Note. Provide for rigid side form planking properly 
set to line and grade. Metal forms to be used if desired, and if used roust 
be heavy and rigid. 

37. Thicknbss of Concrbtb. Note. Concrete in each course shall 
be of thickness shown on plans, no extra allowance for extra thickness, 
no less thickness to be accepted. 

38. Proportions for Concrete. Note. Specify the desired method 
of measuring aggregates for concrete and give proportions determined upon 
for the work. 

[38. Proportions op Concrete for Lower Course. Note. Specify 
the mixture and method of measuring ly^regates for the concrete for the 
lower course.] 

[39. Proportions of Concrete for Upper Course. Note. Specify 
the mixture and the method of measuring materials for the upper course.] 

39. [40.] Placing Reinforcing Materiau. Note. Describe the 
manner of placing the reinforcement and the desired precautions to insure 
that the operation will be done at the time and in a manner which will aecure 
a good bond. 



Ill 



Digitizcc by Google 



REPORT COMMITTEE ON FORM OF 

40. [41.] Placing Expansion Joints. Note. Protection plates, if 
used, to confarm exactly to cross section shown on plans, and to be carefully 
set with a clear open joint entirely through the pavement which may, honwer, 
be made of felt, paper, or by a metal plate which will subsequen^y be Mridi- 
drawn. In latter case opening must be filled with desired filler. 

41. Mixing and Placing Concrgtb. Note. The method of placing 
the concrete will depend upon whether the pavement is plain or reinforced. 
The provisions in the two cases may be as follows: 

(a) For plain concrete work the concrete for the entire thickness of a 
road may be placed at one time. It should be carefully ^read without a 
separation of the aggregates, and be finally struck off accurately to the desired 
cross section. Roadbed to be saturated with water before the concrete is 
placed. Provide against cold weather concreting. 

(b) In case of reinforced concrete construction provide for placing as 
in (a), with such modifications as are necessary to accommodate the particular 
^pe of reinforcement used. 

[42. Placing Concrete for Lower Course. Note. Describe the 
manner of placing, spreading and taping the concrete for the lower a>ur9e.] 

[♦3. Placing Concrete for Upper Course. Nole. Describe the 
manner of placing and shaping concrete for the upper course including pre- 
cautions to be taken to secure a bond between the upper and lower courses.] 

42. [44.] Finishing the Surface. Note. Surface shall be finished 
with wood floats and marked in any manner desired. 

43> [45-] Beveled Edges. Note. If edges are to be beveled, spedfy 
extent and when the work is to be done. 

44. [46.] Curing the Concrcfe. Note. Specify the desired protec- 
tion against too rapid drying of the concrete during setting, and suitable 
protection against too early use by traffic. 

45- [47-] Placing Macadam or Gravel Shoulders. Note. If plans 
provide for gravel or macadam shoulders, specify manner of placing and 
finishing. 

46. [48.] Cleaning Up. Nole. Provide for removal of all excess 
material and debris resulting from construction operations, and the final 
dressing up of shoulders and ditches if such are used. 

47. [49.] Preparing Surface for Bituminous Coating. Note. 
Describe the method and the desired thoroughness of cleaning the surface of 
the concrete before beginning the application of the bituminous surfacing, 

48. [50.] Spreading Bituminous Matbrl^ls. Note. Describe die 
method of applying and spreading bituminous material, temperature of the 
application, weather conditions under which the work may be done, and the 
quantity to be used. 

49- [51-] Dressing the Surface. Note. The bituminoua material 
shall be covere*) "Hth soeafiwl ^ciw»n»H gnvri o- ti»'«' -nwli<wl ««nc diipa, n 
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DISCUSSION 

Professor Talbot: — The committee understood that its duties involved 
merely a sutement of those matters which should be included in a form of 
contract, and not a complete contract. The outline gives the principal items, 
that in the opinion of the committee, it should include. Most of the provi* 
sions given are, I believe, ordinarily given in the specifications. It was thought 
that until all the committee reports were in, and the method of doing the 
work decided upon by the Convention, it would not be in order for this 
committee to make any effort to draw up a complete set of specifications. 

Mr. Hewitt: — I want more particularly to confine my remarks to general 
clauses. It is with those things that the engineers or inspectors crucify the 
contractors. It is my opinion that there should be incorporated some forms 
of general clauses, and that the changes made in any kind of work should be 
reduced to a minimum. These clauses should be fair for both sides. 

I believe that the lump sum method of bidding on road work is an unfair 
proposition. It may be unfair to the municipality, to the county or the state. 
Some specifications state definitely that the estimates given are only approx- 
imate, although they represent the result of calculations, and that die con- 
tractor must be responsible for his own data on which to base his bids. Then 
the different items in these specifications are enumerated as in the fallowing 
example : 

"The undersigned, having carefully examined the plans, profiles and 

specifications for the improvement known as 

proposes to furnish all materials, all tools, and do all the work necessary for 
such improvement in accordance with said plans, profiles and specifications, 
for the following gross prices." 

If we now turn to the general clauses, we find the following: 

"Incidental work at contractor's expense. All the work to be done by 
the contractor specified or mentioned in the preceding sections, as well as any 
minor details of work not specially mentioned in the specifications but 
obviously necessary for the proper completion of the work, shall be considered 
as incidental and as being a part of and included in the contract. The con- 
tractor will not be entitled to any extra or additional compensation." 

In other words the contractor has to put a gold top on the pavement if 
the engineer wants it. Nor, according to the specifications, is the contractor 
allowed to charge anything for such work. 

The clause providing for extra work is always a bone of contention 
between the contractor and the engineer and, therefore, it seems to me, a 
fair specification for such a clause ou^t to be in the committee's recom- 
mendations. I do not think that any engineer is capable of foreseeing, at 
the time he makes out specifications, all the conditions that may arise in 
laying out a road several miles long. Many things may change. There may 
be a lapse of a year or two from the time the specifications are made and the 
estimate is submitted. When the engineer comes to construct the road, he 
may want to do it difTerently than at first contemplated. The contract con- 
tains a clause stating that the contractor will not receive pay for any extra 
work unless he receives written notice. The conditions that make such a 
step necessary usually require prompt action, so that it is impossible to give 
written notice to the contractor. In many cases it is necessary to get authority 
from the supervising board for such extra work. 

I believe that general clauses should also provide what pcrcentace dunild 
be paid to the omtntctor and what allowance there shall be for Mperintend- 
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ence and tools, and what these percentages shall be based on. It !s mudi 
easier to keep out of court by writing the proper specification s in the first 
instance than after the work has been started under improperly written speci- 
fications. It is my opinion that the specifications should contain such a. set 
of clauses prepared by an able body of engineers who have considered both 
sides of the question. 

Mr. A. N. Johnson; — ^To perhaps excuse the specifications that the Illinou 
Stale Highway Commission is obliged to place before the contractors, calling 
for lump sum bids, I would like to state that we do that because in the statute 
it says that all contracts shall be let on lump sum bids, and it was the wisdom 
of the legislature alone that decided this point. This, of course, puts the 
engineer In a quandary, just as Mr, Hewitt has explained. We can lay out 
no extra work. This I am attempting to dodge in the specifications we are 
now drawing up and have in preparation, by setting aside an allotment from 
the money we get, a certain amount for extra work. We will then define 
extra work in the specifications as being anything beyond what is shown in 
the plans. It is of course passible to make plans and cross sections in sudi 
detail as to show to any contractor or engineer rather definitely what ia 
wanted. Then when we ask for anything beyond what is shown in these 
lines we will call that extra work. The only way we can provide for this 
is by pre-arrangement, stating that the extra work shall be done at actual 
cost. We can then define actual cost so the contractor will know what is 
meant by it, and so that he will not charge for several jobs that his company 
is doing in various other parts of the state. In addition to this the contractor 
shall be allowed a certain percentage above the actual cost. 

I think that wc all recognize that the fairest sort of practice to the con- 
tractor, the engineer, and every one concerned, is the itemized unit price; 
and I think that where we call for these unit prices it is well for the engineer 
to state what the prices for each item shall be. I think that the engineer 
should name as many items and the price of each of them as he thinks wUl 
come up for any particular job. The bidder can then name a percentage above 
or below such prices, for which he will do the work. The contractor s bid may 
he go per cent of the price named, or 102 per cent, and the prices shall have 
been fixed relatively one to the other. You should not allow the contractor 
to take advantage of you by making an unbalanced bid, as many of them do 
who know the local conditions and what will probably be called for in excess 
of what is first charged. I think that this method of naming unit prices and 
asking for percentage bids on them is the fairest and best way to get good 
results. However, under the statute that we have in Illinois, we are unable 
to do that. 

Mr. Larned: — I was interested to find that provision had been made for 
a decision by the engineer not acceptable to the contractor. Although I do 
not know what is proposed as the recourse, I can cite the practice in certain 
sections of the country where we have a so-called uniform contract whidi 
calls for arbitration; and the way the arbitration board shall be constituted 
is usually stated. This secures without question the consideration of men 
who ordinarily are able to settle the matter with justice and fairness to bodi 
sides. The contractor does not want litigation, nor docs the engineer, and 
it seldom happens that both are entirely unbiased in settling the question 
between thw^Wv^t. Ji'nl ' v'ld h- wi-I* *n orovM' some provision for 
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Mr. Charles W. Baker:— I think that this report gives ui something to 
think over veiy carefully. The committee has given us forty-nine different 
heads under which a specification coidd be drafted. Under some of these 
heads we have had presented whole committee reports. If we are going to 
attempt to define in ever? l>st particular how the contractor shall proceed 
from the time the contract is let until the job is finished, we will have not 
merely a specification but a very large treatise. This is a a>ndition that 
contractors and engineers ought to consider very seriously. Our spccificatidns 
have been growing and growing all the time. I recently had to go over the 
specifications for a road for which I was partially reqMnsible, and I was amazed 
at the length and amount of particulars that were embodied in that specification. 
It has almost come to the point where we shall have to pay the contractor 
something to read the specifications. Of course this is not always SO, and I 
think, as a matter of fact, in many of the jobs that are let, the simple specifica- 
tions, comparatively brief, cover pretty much everything that is required. An 
attempt to define everything that may possibly come up is, in my mind, 
attempting the impossible. Even if this is attempted it would still be neces- 
sary, as has been pointed out by some of the previous speakers, to make extra 
provision for some of the things that cannot be foreseen. 

There is one point that I want to strongly emphasize. Although the 
committee has made a beading for a guarantee, it has taken no stand on how 
that guarantee shall be provided. I wish to go on record as saying that 
guarantees on paving contracts are against the interests of the public. It is 
unjust to ask the contractor to do a certain job of paving when the engineer 
says exactly how he shall do it, what materials he shall use, how they shall 
be placed, and then make him responsible for what happens to that work. It 
is unjust to the contractor and unjust to the public. For instance, here is a 
specification which requires the contractor to guarantee a certain pavement 
and keep it in repair for five years. This means that during that time the 
contractor's bond, on which he must continue to pay some bonding company 
some sort of commission, will have to continue. Of course the contractor 
has no recourse but to make allowances for this, so that the public ultimately 
pays for it. 

Mr. Hewitt: — In most states it is illegal to make a property owner main- 
tain a pavement after asking him to pay for constructing it. I think in most 
cases it is enough to ask the property owner to pay his assessment, without 
requiring him to pay for guaranteeing it for five years. 

Professor Talbot: — 1 quite agree with the views expressed regarding 
guarantees. It is much better to apply a small part of the amount which will 
be required for a guarantee, in getting better engineering, better inspection 
service, and better relations with the contractor. I think the committee 
empathizes with Mr. Hewitt in his reference to certain clauses In contracts, 
putting the contractor so thoroughly in the hands of the engineer. I do not 
believe that anything of that kind was intended in the wording as given. 

In regard to extra work, the provision is here made that changes of plans 
may be made when necessary, according to a specified form of procedure; 
but if productive of increased cost, allowance for such increase shall be made. 
This increased amount for the change to be agreed upon in writing when the 
work is started. Deductions may be made in like manner. Changes in plans 
so made shall not invalidate the contract. It seems to me that it would be 
wise to put in some provision, whenever possible, a* to the ways of getting 
at the value for work to be dianged, or extra work to be done. The com- 
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mittce does not feel, of course, that these proposed fonns are in final shape. 
In fact, it seems to me that if a cominittee could be appointed by this Con- 
ference, or if some means could be provided b^ this Conferenoe wfiereby a 
uniform form of contract could be written, after careful study and considera- 
tion by those on both sides who have been interested in road work, that it 
would be of great advantage to road construction, and would be one of the 
best things that could he accomplished by this Conference. 

Mr. Lamed: — I would like to suggest consideration of a clause that it 
found in many city contracts which requires a reservation of 5 or 10 per 
cent. This requires a contractor to use a large amount of capital, or else to 
borrow, t have often found instances where an unnecessary amount is held 
back. Ordinarily the work is perfectly safeguarded by bond, and it is not 
often that we have to take advantage of that. The amount of mon^ held 
back from the contractor is often a real handicap to him. I think that it 
would be wise to make a provision that certain payments from the i 
fund be made when the work reaches a certain point of completion. 
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I. MATERIALS 

1. CEMENT: The cement shall meet the requirements of the Standard 
Specifications for Portland Cement, adopted by die American Society for 
Testing Materials, August i6, 1909, with all subsequent amendments and 
additions thereto adopted by said society, and adopted by this institute. 
(Sundard No. 1.) 

When the cement is not in^>ected at the place of manufacture, it shall 
be stored a sufficient length of time to permit of inspecting and testing. The 
engineer shall be notified of the receipt of each shipment of cement. 

2. FINE AGGREGATE: Fine aggregate shall consist of sand or 
screenings from clean, hard, durable crushed rock or gravel consisting of 
quartzite grains or other equally hard material graded from fine to coarse 
with the coarse particles predominating and passing, when dry, a screen having 
one-fourth {^) inch openings. It shall be dean, hard, free from dust, loam, 
vegetable, or other deleterious matter. Not more than twenty (ao) per cent 
shall pass a sieve having fifty (30) meshes per linear inch, and not more than 
five (s) per cent shall pass a sieve having one hundred (100) meshes per 
linear indi. 

Fine af^regate containing more than three (3) per cent of clay or loam 
shall be washed before using. 

Fine a^regate shall be of such quality that the mortar composed of one ( i ) 
part Portland cement and three (3) parts fine aggregate by wei^t, when 
made into briquettes, shall show a tensile strength at least equal to the strength 
of 1 :3 mortar of the same consistency, made with the same cement and 
Standard Ottawa sand. In no case shall fine aggregate containing frost or 
lumps of frozen material be used. 

3. COARSE AGGREGATE: Coarse aggn^te shall consist of clean, 
hard, durable crushed rock or gravel, graded in size, free from dust, loam, 
vegetable or other deleteriout matter and shall contain no soft, flat or elongated 
particles. The size of the coarse aggregate shall be such as M pass a one and 
one-half (i^) inch round opening and be retained on a screen having one- 
quarter (}i) inch openings. In no case shall coarse aggregate containing 
frost or lumps of frozen nuterial be used. 

4. NATURAL MIXED AGGREGATE: Natural mixed aggregate 
■hall not be uaed as it comes from deposits but shall be acreeaed and used 
as qtedfied. 

5. WATER: Water ahaU be dean, free from oQ, add, alkali or v^e- 
tablc matter. 

6. REINFORCEMENT: Concrete pavementa twenty (30) feet or 
more in width shall be reinforced widi metal fabric. All reinfonsnent dull 
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be free from excessive rust, scale, paint or coatings of any diaractcr which will 
tend to destroy the bond. All reinforcement shall develop an ultimate tensile 
strength of not less than 70,000 pounds per square inch and bend i8o° around 
one diameter and straighten without fracture. 

7. JOINT FILLER: Joint Filler shall consist of prepared felt or 
similar material of approved quality having a thickness of not less than one- 
eighth (^) nor more than one-quarter {%) inch. 

8. JOINT PROTECTION PLATES: Soft steel plates for the pro- 
tection of the edges of the concrete at transverse joints shall be not less than 
two and one-half {2]/^) inches in depth and not less than one-eighth (^) at 
any point nor more than one-quarter (^) inch average thickness. The plates 
shall be of such form as to provide for rigid anchorage to the concrete. The 
type and method of installation of joint protection plates shall be approved 
by the engineer. 

9. SHOULDERS: Materials for the construction of shoulders shall be 
approved by the engineer. 

IL GRADING 

10. DEFINED : The term "grading" shall include all cuts, fills, ditches, 
borrow pits, approaches and all earth moving for whatever purpose where 
such work is an essential part of or necessary to the prosecution of the con- 
tract. When, to bring the surface to grade, a fill of one (i) foot or less is 
required, the area shall be thoroughly grubi>ed. All soft, spongy or yielding 
spots and all vegetable or other objectionable matter shall be removed and 
the space refilled with suitable material. 

11. ENGINEER'S STAKES: Stakes will be set by the engineer for 
the center line side of slopes, finished grade and other necessary points properly 
marked for the cut or fill. 

12. EXCESS MATERIAL: Excess material shall be disposed of as 
directed by the engineer, the free haul not to exceed feet 

13. OVER-HAUL: Materials hauled a greater distance than the free 

haul from the place of excavation shall be paid for at the rate of 

cents per cubic yard for each additional feet. 

14. FILLS: Embankments shall be formed of earth or other approved 
materials and shall be constructed in successive layers, the first of which shall 
extend entirely across from the toe of the slope on one side to the toe of the 
slope on the other side, and successive layers shall extend entirely across the 
embankments from slope to slope. Each layer, which shall not exceed one ( i ) 
foot in depth, shall be thoroughly rolled with a roller weighing not less than 
five (5) tons nor more than ten (lo) tons before the succeeding layer is 
placed. The roller shall pass over the entire area of the fill at least twice. 

The sides of the embankment shall be kept lower than the center during 
all stages of the work and the surface maintained in condition for adequate 
drainage. The use of muck, quicksand, soft clay or qx)ngy material whidi 
will not consolidate under the roller is prohibited. 

When the material excavated from the cuts is not gu£Scient to make the 
fills shown on the plans, the contractor shall furnish the necessary extra 
material to bring the fills to the proper width and grade. When the earth 
work is completed, the cross section of the road ibaU conform to the croM 
■ectiooal drawings and profile shown in Figure 13, page 182, 
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15. SLOPES: All slopes roust be properly dressed to lines given by die 
engineer. 

16. FINISHED GRADE: When the grade line is approached the 
^nal grade stakes will be set, for which sufScient notice must be given to die 
engineer. 

Note: (In excavating cuts, it is considered advisable, when the line 
of the sub-grade is approached, to compact the remaining material bjr rolling. 
The depth of material left in the cut to be comprised to the finished 
grade by rolling will depend upon the character of the material.) 



III. DRAINAGE 

17. DRAINAGE: The contractor shall construct such drainage ditches 
as will insure perfect sub- and surface-drainage during construction and such 
work shall be completed to the satisfaction of the engineer, prior to the 
preparation of the roadbed, as herein specified. 

Tile drains shall be placed as shown in the drawings attached hereto. 

Tile to be laid in the trench at least ( ) 

inches wide and ( ) feet deep below the 

established grade of the finished pavement. Such trench shall be back filled 
with crushed stone or pit run gravel, with sand removed, which after light 
tamping shall be ( ) inches in depth. 

Open ditches must be constructed along the concrete road as shown in 
Figure 12, page 182, the dimensions, side slopes and grade of said ditches 
being as shown on the cross section drawings and profile. 

At the time of the acceptance of the road, the ditches must be in perfect 
condition with clean slopes and bottom, containing no obstructions to the 
flow of water. 

IV. SUB-GRADE 

18. CONSTRUCTION: The bottom of the excavation or the top 
of the fill when completed shall be known as the sub-grade and shall be at 
all places true to the elevation as shown on the plans attached hereto. 

The roadway shall be graded to the proper sub-grade to permit of the 
specified thickness of paving materials being laid to bring the finished surface 
of the pavement to the lines and grades as shown on the plans. 

The sub-grade shall be brought to a firm, unyielding surface by rolling 
the entire area with a self-propelled roller weighing not less than ten (lO) 
tons, and all portions of the surface of the sub-grade which arc inaccessible 
to the roller shall be thoroughly tamped with a hand tamp weighing not lesi 
than fifty {50) pounds, the face of which shall not exceed one hundred (too) 
square inches in area. All soft, spongy or yielding spots and all v^etable or 
other objectionable matter shall be entirely removed and the space refilled 
with suitable materiel. 

Where considered necessary or of assistance in producing a compact, solid 
surface, the sub-grade before being rolled shall be well sprinkled with iter. 

When the concrete pavement is to be constructed over an old n 
composed of gravel or macadam, and the concrete is to be wider d x 
old gravel or •T»'-v1*'n road, th^ latter shall be enH'dy loo d ana t 
mafa.^4* IP— •* .„ -ill -mAt^ >' +« ■<)><)hei1 ^i»' -olIwT. Au 
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shall be filled with fine material, and rolled to make a dense, ti^t surface of 
the roadbed. 

19. ACCEPTANCE: No concrete shall be deposited upon the sub- 
grade until it is checked and accepted by the engineer. 

20. COMPLETION : Upon the sub-grade thus formed shall be laid 
the concrete pavement as shown in Figure 12, page 183. 

V. FORMS 

ai. MATERIALS: The fonns shall be free from warp, of sufScient 
strength to resist springing out of shape, and shall be equal in width to the 
thickness of the pavement at the edges. Wooden forms shall be of not less 
than two (2) inch stock, and shall be capped with two (2) inch angle iron. 

22. SETTING: The forms shall be v^\ staked or otherwise held to 
the established line and grades, and the upper edges shall conform to the estab- 
lished grade of the road. 

23. TREATMENT: All mortar and dirt shall be removed from the 
forms that have previously been used. 

VI. PAVEMENT SECTION 

24. WIDTH, THICKNESS OF CONCRETE AND CROWN: 

The concrete pavement shall be feet wide, 

( ) inches in depth at center, and 

( ) inches in depth at the 

sides. The fini^ed surface shall conform to the arc of a circle, as shown in 
Figure 12, page 182. 

Note: (Crown shall be not more than one-one-hundredth (1/100) 

of the width. The thickness of the concrete at the edges shall not be less 

than six (6) inches.) 

VII. JOINTS 

25. WIDTH AND LOCATION : Transverse joints shaU be not lest 
than one-quarter {%) inch nor more than three-eighths (^) inch in width 
aqd shall \x placed across the pavement perpendicular to the center line, not 
more than 35 feet apart. When a curb is specified or where pavement abuts 
a building a joint not less than one-quarter (j4) inch wide shall be placed 
between it and the pavement. All joints shall extend through the entire 
thickness of the pavement and shall be perpendicular to its surface. 

26. PROTECTION OF JOINTS: The concrete at transverse joints 
shall be protected with soft steel joint protection plates which shall be rigidly 
anchored to the concrete. The installation of the metal protection plates 
shall meet with the approval of the engineer. The surface edges of the metal 
plates shall conform to the finished surface of the concrete, as shown in 
Figure 12. 

All joints over one-quarter (>4) inch hi|^ or one-half (}4) indi low 
shall be removed. 

37. JOINT FILLER: All joints shell be formed by inserting durii^ 
construction and leaving in place die required thickncn of joint filln wfaidi 
■hall extend through die eodre thkkneM of the paTcment. 
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VIIl. MEASURING MATERIALS AND MIXING CONCRETE 

28. MEASURING MATERIALS: The method of measuring the 
muterials for the concrete, including water, shall be one which will insure sepa- 
rate and unifonn proportions of each of the materials at all times. A bag 
of Portland cement (94 lbs. net) shall be considered one (i) cubic foot. 

29. MIXING : The materials shall be mixed to the desired consistent^ 
in a batch mixer of approved type, and mixing shall continue for at least 
forty-five (45) seconds after all materials are in the drum. The drum dull 
be completely emptied before mixing successive batches. The drum of the 
mixer used shall revolve at a speed not less than the minimum nor more than 
the maximum number of revolutions shown in the following table: 

Rated capacity Capacity Revolutions per minute 

cu. ft. unmixed bags of cement of drum. 

material. i :2 :3 mix. Min. Max. 

7 to u I 15 3Z 

12 to 17 2 12 30 

iS to 23 3 12 30 

24 to 29 4 II I? 

30 to 33 5 10 IS 

30. RETEMPERING: Retempering of mortar or concrete which has 
partially hardened, that is, mixing with additional materials or water, shall 
not be permitted. 

31. PROPORTIONS: The concrete shall be mixed in the proportions 
of one (i) bag of Portland cement to not more than two (2) cubic feet of 
fine aggregate and not more than three (3) cubic feet of coarse aggregate, and 
in no case shall the volume of the fine aggregate be less than one-half (yi) 
the volume of the coarse aggregate. 

A cubic yard of concrete in place between neat lines shall cont^n not less 
than one and seven-tenths (1.7) barrels of cement. 

7'he engineer shall compare the calculated amount of cement required 
according to these specifications and plans attached hereto with the amount! 
actually used in each section of concrete between successive transverse joints, 
as determined by actual count of the number of bags of cement used in each 
section. If the amount of cement used in any three adjacent sections (between 
transverse joints) is less by two (2) per cent, or if the amount of cement used 
in any one section is less by five (5) per cent, than the amount hereinbefore 
specified, the contractor agrees to remove all such sections and to rebuild the 
same according to these specifications at his expense. 

32. CONSISTENCY: The materials shall be mixed with sufficient 
water to produce a concrete which when deposited will settle to a flattened 
mass, but shall not be so wet as to cause a separation of the monar from the 
coarse a^regatc in handling. 

IX. REINFORCING 

33. REINFORCING: Concrete pavements twenty (20) feet or more 
in width ^all be reinforced. The cross-sectional area of the reinforcing metal 
running parallel to the center line of the pavement shall amount to at least 
0.038 square inch per foot of pavement width and the cross-sectional ca of 
reinforcing metal, which is perpendicular to the center line of the | it, 
shall amount to at least 0.049 square inch per foot of pavement le d. 

Reinforcing metal shall not be pl"'^ less than two (3) i 1 >. it 
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the drawings. The reinforcing metal shall extend to within two (a) inches 
of all joints, but shall not cross them. Adjacent widths of fabric shall be 
lapped not less than four (4) indies. 

X. PLACING CONCRETE 

34. PLACING CONCRETE: Immediately prior to placing the con- 
crete, the sub-grade shall be brought to an even surface. The surface of the 
sub-grade shall be thoroughly wet when the concrete is placed. 

After mixing, the concrete shall be deposited rapidly in successive batches 
upon the sub-grade prepared as hereinbefore specified. The concrete shall be 
deposited to the required depth and for the entire width of the pavement, 
in a continuous operation, between transverse joints without the use of inter- 
mediate forms or bulkheads. 

In case of a. breakdown concrete rfiall be mixed by hand to complete the 
section or an intermediate transverse joint placed as hereinbefore ^^edfied at 
the point of stopping work. Any concrete in excess of that needed to com- 
plete a section at the stopping of work shall not be used in the work. 

35. FINISHING: The surface of the concrete shall be struck ofl by 
means of a template or strike board which shall be moved with a combined 
longitudinal and cross-wise motion. When the strike board is within three 
(3) feet of a transverse joint it shall be lifted to the joint and the pavement 
struck by moving the strike board away from the joint; any excess concrete 
shall be removed. Concrete adjoining the metal protection plates at transverse 
joints shall be dense in character and any holes left by removing any device 
used in installing the metal protection plates shall be immediately tilled with 
concrete. 

After being brought to the established grade with the template or strike 
board, the concrete shall be finished from a suitable bridge, no part of which 
shall come in contact with the concrete. The concrete shall be finished with 
a wood float in a manner to thoroughly compact it and produce a. surface 
free from depressions or inequalities of any kind. The finished surface of the 
pavement shall not vary more than one-quarter {%) inch from the true shape. 

The edges of the pavement shall be rounded as shown on the cross 
sectional drawings attached hereto. 

XI. PROTECTION 

36. CURING AND PROTECTION : Excepting as hereinafter sped- 
fled, the surface of the pavement shall be sprayed with water as soon as the 
concrete is sufficiently hardened to prevent pitting, and shall be kept wet until 
an earth covering is placed. As soon as it can be done without damaging 
the concrete, the surface of the pavement shall be covered with not less than 
two (3) inches of earth or other material which will aflord equally good 
protection, which cover shall be kept moist for at least ten {10) days. When 
deemed necessary or advisable by the engineer, freshly laid concrete shall be 
protected by a canvas covering until the earth covering can be placed. 

Under the most favorable conditions for hardening in hot weather the 
pavement shall be closed to traffic for at leaat fourteen (14) days, and in 
cool weather for an additional time, to be determined by the engineer. 

If at the time the pavement it laid, or during the period of curing, the 
temperature during the daytime dn^i below jo degrees Fahrenheit, iprinkling 
and coming of the pavmeot ihall be omitted at the direction of the engioeer. 

Digitizcc by Google 



STANDARD SPECIFICATIONS 

The contractor shall erect and maintain suitable barriers to protect the 
concrete from traffic and any part of the pavement damaged from traffic or 
other causes, occurring prior to its official acceptance, shall be repaired or 
replaced by the contractor at his expense, in a manner satisfactory to the 
engineer. Before the pavement is thrown open to traffic the covering shall 
be removed and disposed of as directed by the engineer. 

37. TEMPERATURE BELOW 35 DEGREES FAHRENHEIT: 
Concrete shall not be mixed or deposited when the temperature is below 
freezing. 

If at any time during the progress of the work the temperature is, or in 
the opinion of the engineer will within twenty-four (34) hours drop to 33 
degrees Fahrenheit, the water and aggregates shall be heated, and precautions 
taken to protect the work from freezing for at least ten (10) days. In no 
case shall concrete be deposited upon a frozen sub-grade. 



XII. SHOULDERS 

38. CONSTRUCTION: When shoulders are required, they shall be 
built upon the properly prepared sub-grade, as shown on the cross sectional 
drawing. Figure 12, p^e 182. The work shall be done to the entire satis- 
faction of the engineer. 
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I. MATERIALS 

1. CEMENT: The cement shall meet the requirements of the Standard 
Specifications for Portland Cement, adopted by the American Society for 
Testins Materials, August i6, 1909, with all subsequent amendments and 
additions thereto adopted by said Society, and adopted by this institute. 
(Standard No. 1.) 

When the cement is not inspected at the place of manufacture it shall be 
stored a sufficient length of time to permit of inspecting and testing. The 
engineer shall be notified of the receipt of each shipment of cement. 

2. FINE AGGREGATE: Fine aggregate shall consist of sand or 
screenings from dean, hard, durable crushed rock or gravel consisting oi 
quartzite grains or other equally hard material graded from fine to coarse, 
with the coarse particles predominating and passing, when dry, a screen 
having one-quarter (54) inch openings. It shall be clean, hard, free from dust, 
loam, vegetable, or other deleterious matter. Not more than twenty (20) per 
cent shall pass a sieve having fifty (50) meshes per linear inch, and not 
more than five (5} per cent shall pass a sieve having one hundred (100) 
meshes per linear inch. 

Fine aggregate containing more than three (3) per cent of clay or loam 
shall be washed before using. 

Fine aggregate shall be of sudi quality that the mortar composed of one ( i ) 
part Portland cement and three (3) parts fine aggregate by weight, when 
made into briquettes, shall show a tensile strength at least equal to the 
strength of i :$ mortar of the same consistency made with the same cement 
and Standard Ottawa sand. In no case shall fine aggregate containing frost 
or lumps of frozen material be used. 

3. COARSE AGGREGATE: Coarse aggregate shall consist of dean, 
hard, durable crushed rock or gravel, graded in size, free from dust, loam, 
vegetable or other deleterious matter, and shall contain no toft, flat or 
elongated partides. The size of the coarse a^regste shall be sudi as to 
pass a one and one-half (lyi) indi round evening aid be retained on a screen 
having one-quarter (^) inch openings. In no case shall coarse aggregate 
containing frost or lumps of frozen material be used. 

4. NATURAL MIXED AGGREGATE: Natural mixed aggregate 
shall not be used as it comes from deposits, but shall be screened and used 
as spedfied. 

5. WATER: Water shall be dean, free from oil, add, alkali, or 
vegetable matter. 

6. REINFORCEMENT: Ctmcrete pavements twenty (20) feet or 
more in widdi tludl be reinforced with metal fabric. All reinforcement tludl 
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ONE COURSE CONCRETE STREET FAFEMENT 

be free from excessive rust, scale, paint, or coatings of any character which 
will tend to destroy the bond. All reinforcement shall develop an uldmate 
tensile strength of not less than 70,000 pounds per square inch and bend 180° 
around one diameter and straighten without fracture. 

7. JOINT FILLER: Joint Filler shall consist of prepared felt or 
similar material of approved quality having a thickness of not less than one 
eighth {yi) nor more than one-quarter (^) indi. 

8. JOINT PROTECTION PLATES: Soft steel plates for the pro- 
tection of the edges of the concrete at transverse joints shall be not less dian 
two and one-half (2}4) inches in depth and not less than one-eighth (^) 
at any point nor more than one-quarter {%) inch average thickness. The 
plates shall be of such form as to provide for rigid anchorage to the concrete. 
The type and method of installation of joint protection plates shall be approved 
by the engineer. 

9. SHOULDERS: Materials for the construction of shoulders shall 
be approved by the engineer. 

II. GRADING 

10. DEFINED: The term "grading" shaU include all cuts, fills, 
approaches and all earth moving for whatever purpose where such work is 
an essential part of or necessary to the prosecution of the contract. When, 
to bring the surface to grade, a All of one (1) foot or less is required, the 
area shall be thoroughly grubbed. All soft, spongy or yielding spots and all 
vegetable or other objectionable matter shall be removed and the space refilled 
with suitable material. 

11. ENGINEER'S STAKES: Stakes will be set by the engineer for the 
center line, side of slopes, finished grade and other necessary points properly 
marked for the cut or fill. 

12. EXCESS MATERIAL: Excess mateHal shall be disposed of as 
directed by the engineer, the free haul not to exceed feet. 

13. OVER-HAUL: Materials hauled a greater disunce than the free 

haul from the place of excavation shall be paid for at the rate of 

cents per cubic yard for each additional feet. 

14. FILLS: Embankments shall be formed of earth or other approved 
materials and shall be constructed in successive layers, the first of whidi shall 
extend entirely across from the toe of the slope on one side to the toe of the 
slope on the other side, and successive layers shall extend entirely across the 
embankments from slope to slope. Each layer, which shall not exceed one ( I ) 
foot in depth, shall be thoroughly rolled with a roller weighing not less 
than five (5) tons nor more than ten (10) tons before the succeeding layer 
is placed. The roller shall pass over the entire area of the fill at least twice. 

The sides of the embankment shall be kept lower than the center during 
all stages of the work, and the surface maintained in condition for adequate 
drainage. The use of muck, quicksand, soft clay or spongy material which 
will not consolidate under the roller, is prohibited. 

When the material excavated from the cuts is not sufficient to make the fills 
shown on the plans, the contractor shall furnish the necessary extra material 
to bring the fills to the proper width and grade. When the earth work it 
completed the cross section of the road shall conform to the crow aectional 
drawing and profile, Figure 13, page 190. 

15. SLOPES: All ilopet nnuit be pnq>erly drewed to Unci given by die 
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i6. FINISHED GRADE: When the erade line is qtproadied, the fiul 
grade stakes will be set, for which sufficient notice must be given to die 
engineer. 

Note: (In excavating cuts it is considered advisable, when the line 
of the sub-grade is approached, to compact the remaining material hj 
roiling. The depth of material left in the cut to t>e compressed to dw 
finished grade by rolling will depend upon the character of the material.) 

III. DRAINAGE 

17. DRAINAGE: The contractor shall construct tile or other draiot 
as shown in the drawings attached hereto. Tile to be laid in the trend) at 

least ( ) inches wide, and ( ) 

feet deep below the top of the adjacent curb. Such trench shall be bnufc 
filled with crushed stone or pit run gravel with sand removed, whidi after 
light tamping shall be ( ) inches in depth. 

18. CATCH BASINS: All catch basin and manhole tops and all 
covers of openings of any kind shall be readjusted to the grade by the oon- 
tractor at his e 



IV. SUB-GRADE 

19. CONSTRUCTION : The bottom of die excavation or top of dw 
fill, when completed, shall be known as the sub-grade, and shall be at all 
places true to the elevation as shown on the plans attached hereto. 

The street shall be graded from curb to curb to the proper sub-g;rade to 
permit of the specified thickness of paving materials being laid to bring du 
finished surface of the pavement to the lines and grades as shown on the plam 

The sub-grade shall be brought to a firm, unyielding surface by rolling 
the entire area with a self-propelled roller weighing not less than ten (lo) 
tons, and all portions of the surface of the sub-grade which are inaccessible 
to the roller shall be thoroughly tamped with a hand tamp weighing not lea 
than fifty (50) pounds, the face of which shall not exceed one hundred (100) 
square inches in area. All soft, spongy or yielding spots and all vcgeuble or 
other objectionable matter shall be entirely removed and the space refilled 
with suitable material. 

Where considered necessary or of assistance in producing a compact solid 
surface the sub-grade, before being rolled, shall be well sprinkled with water. 

When the concrete pavement is to be constructed over an old roadbed 
composed of gravel or macadam, and the concrete is to be wider than the old 
gravel or macadam road, the latter shall be entirely loosened and the material 
spread for the full width of the roadbed and rolled. All interstices sh^l be 
filled with fine material, and rolled to make a dense, tight surface of die 
roadbed. 

20. ACCEPTANCE: No concrete shall be deposited upon the tub- 
grade until it is checked and accepted by the engineer. 

21. COMPLETION: Upon die sub-grade thus fonned shall be laid 
the concrete pavement as shown in Figure 13, page 190. 

V. FORMS 

22. MATERIALS : The forms shall be free from warp, of niffident 
strength to resist springing out of shape, and shall be equal in width to the 

«•■ 
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thickness of the pavement at the edges. Wooden fonns shall be of not lea 
than two (2) inch stock and shall be capped with two (2} inch angle iron. 

33. SETTING : The forms when required shall be well staked or other- 
wise held to the established line and grades and the upper edges shall conform 
to the established grade of the street. 

24.- TREATMENT: All mortar and dirt shall be removed fron die 
fonas that have previously been used. 

VI. PAVEMENT SECTION 

as. WIDTH. THICKNESS OF CONCRETE AND CROWN: 

The concrete pavement shall be feet wide 

( ) inches in depth at center and ( ) indies 

in depth at the sides. The finished surface shall confonn to the arc of a 
drcle as shown In Figure 13, page 190. 

Note: (The thickness of the concrete at the edges shall not be less 
than six (6) inches. When pavements twenty (20) feet or less in width 
are to be built on approximately level ground and a flat sub-grade is to be 
used, sufficient fall for drainage at the sides of the pavement along the 
curb shall be provided by giving the roadbed the same grade as that 
proposed for the gutter. T^e crown of all pavements shall not be more 
than one-onc-hundredth (i/icx)) of the width except when deemed advis- 
able by the engineer, the crown of a pavement built on a crowned sub- 
grade may be increased to one-fiftieth (1/50) of the width to provide 
sufficient fall for drainage along the sides of the pavement at the curb.) 

VII. JOINTS 

26. WIDTH AND LOCATION: Transverse joints shall be not 
less than one-quarter (J4) inch nor more than three-eighths (^) inch in 
width, and shall be placed across the pavement perpendicular to die center 
line, not more than thirty-iiv; (35) feet apart. A longitudinal joint not less 
than one-quarter (J^) inch wide shall be constructed between the curb and 
the pavement. All joints shall extend through the entire thickness of the 
pavement, and shall be perpendicular to its surface. 

27. PROTECTION OF JOINTS: The concrete at transverse joints 
shall be protected with soft steel joint protection plates which shall be rigidly 
anchored to the concrete. The type and installation of the metal protection 
plates shall meet with the approval of the engineer. The surface edges of 
the metal plates shall conform to the finished surface of the concrete, as 
shown in Figure 13, page 190. 

All joints over one-quarter (54) indi hij^ or one-half {^) indi low 
shall be removed. 

28. JOINT FILLER: Ail joints dull be formed by inserting during 
construction and leaving in place die required thickness of joint filler which 
shall extend through the entire thickness of the pavement. 

Vin. MEASURING MATERIALS AND MIXING CONCRETE 

29. MEASURING MATERIALS: The method of measuring the 
materials for die amcrete, including water, shall be one which will insure 
separate and uniform proportions of eadi of die materials at all timet. A 
bag of Pordand cement (94 pounds net) shall be consicleied one (1) cnbic 
fooL 
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30. MIXING: The materials shall be mixed to the denred c 
in a batch mixer of approved type, and mixing shall continue for at lent 
forty-five (45) seconds after all materials arc in the drum. The drum dull 
be completely emptied before mixing successive batches. The dnim of tbe 
mixer used shall revolve at a speed not less than the minimum nor more dun 
tbe maximum number of revolutions shown in the following table: 



ated capacity 
1. ft. unmixed 


Capacity 
b^s of cement 


Revolutioiu per 
minute of drum. 


material. 


1:2:3 inix. 


Min. Mix. 


7 to II 


I 


15 21 


12 to 17 


2 


12 20 


18 to 23 


3 


12 ao 


24 to 29 


4 


II 17 


30 to 33 


5 


10 15 



31. RETEMPERING: Retcmpering of mortar or concrete which hai 
partially hardened, that is, mixing with additional materials or water, dull 
not be permitted. 

32. PROPORTIONS : The concrete shall be mixed in the pn^iortioa 
of one (i) bag of Portland cement to not more than two (2) cubic feet of 
line aggregate and not more than three (3} cubic feet of coarse aggregate, 
and in no case shall the volume of the fine aggregate be less t^an one-hili 
(yi) the volume of the coarse aggregate. 

A cubic yard of concrete in place between neat lines shall contain not 
less than one and seven-tenths (1.7) barrels of cement. 

The engineer shall compare the calculated amount of cement required 
according to these specifications and plans attached hereto with the amounti 
actually used in each section of concrete, between successive transverse joints, 
as determined by actual count of the number of b^s of cement used in ■^r*' 
section. If the amount of cement used in any three adjacent sections (between 
transverse joints) is less by two (2) per cent, or if the amount of cement uaed 
in any one section is less by five (5) per cent than the amount hereinbefotc 
specified, the contractor agrees to remove all such sections and to rebuild tbe 
same according to these specifications, at his expense. 

33. CONSISTENCY: The materials shall be mixed with sufficient 
water to produce a concrete which when deposited will settle to a flattened 
mass, hut shall not be so wet as to cause a separation of the mortar from dw 
coarse aggregate in handling. 

IX. REINFORCING 

34. REINFORCING: Concrete pavements twenty (20) feet or aan 
in width shall be reinforced. The cross-sectional area of ^e reinfordog 
metal running parallel to the center line of the pavement shall amount to 
at least 0.038 square inch per foot of pavement width and the cross-flcctionil 
area of reinforcing metal, which is perpendicular to the center line of tbe 
pavement, shall amount to at least 0.049 square inch per foot of pavemoit 
length. 

Reinforcing metal shall not be placed less than two (2) inches from the 
finished surface of the pavement anr' -therwise shall be placed as shown on 
the drawings. The reinforcing medt. 'hall extend to within two (a) tndici 
of all ininf^ but sh»'l B"- ^nss t"**" •d-ir^t T-'ddis nf f*hnc dull be 
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ONE COURSE CONCRETE STREET PAFEMENT 
X. PLACING CONCRETE 

35. PLACING CONCRETE: Inuncdiatcly prior to placing the con- 
crete, the sub-grade shall be brought to an even surface. The surface of the 
sub-grade shall be thoroughly wet when the concrete is placed. 

After mixing, the concrete shall be deposited rapidly in successive batches 
upon the sub-grade, prepared as hereinbefore specified. The concrete shall 
be deposited to the required depth and for the entire width of the pavement, 
in a continuous operation, between transverse joints, without the use of inter- 
mediate forms or bulkheads. 

In case of a breakdown, concrete shall be mixed by hand to complete the 
section or an intermediate transverse joint placed as hereinbefore specified 
at the point of stopping work. Any concrete in excess of that needed to 
complete a section at the stopping of work shall not be used in the work. 

36. FINISHING: The surface of the concrete shall be struck off by 
means of a template or strike board, which shall be moved longitudinally or 
crosswise of the pavement. Concrete adjoining the metal protection plates at 
transverse joints shall be dense in character, and any holes left by removing 
any device used in installing the metal protection plates shall be immediately 
filled with c 



After being brought to the established grade with the template or strike 
ixtard, the concrete shall be finished from a suitable bridge, no part of whidi 
shall come in contact with the concrete. The concrete shall be finished with 
a wood float in a manner to thoroughly compact it and produce a surface 
free from depressions or inequalities of any kind. The fini^ed surface of the 
pavement shall not vary more than one-quarter (%) inch from the true shape. 

XI. PROTECTION 

37. CURING AND PROTECTION: Excepting as hereinafter speci- 
fied, the surface of the pavement shall be grayed with water as soon as the 
concrete is sufficiently hardened to prevent pitting, and shall be kept wet 
until an earth covering is placed. As soon as it can be done without damaging 
the concrete, the surface of the pavement shall be covered with not less than 
two {2) inches of earth or other material which will afford equally good 
protection, which cover shall be kept moist for at least ten (10) days. When 
deemed necessary or advisable by the engineer, freshly laid concrete shall be 
protected by a canvas covering until the earth covering can be placed. 

If at the time the pavement is laid, or during the period of curing, the 
temperature during the daytime drops below 50 degrees Fahrenheit, sprinkling 
and covering of the pavement shall be omitted at the direction of the engineer. 

Under the most favorable conditions for hardening, in hot weather, the 
pavement shall be closed to traffic for at least fourteen (14) days, and in cool 
weather for an additional time, to be determined by the engineer. 

The contractor shall erect and maintain suitable barriers to protect the 
concrete from traffic, and any part of the pavement damaged from traffic or 
other causes occurring prior to its official acceptance, shall be repaired or 
replaced by the contractor at his expense in 1 manner satisfactory to the 
engioeer. 

Before the pavement ii thrown c^en to traffic the covering shall be removed 
and du|Mwd ^ m directed bj die engiaeer. 
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38. TEMPERATURE BELOW 35 DEGREES FAHRENHEIT: 
Concrete shall not be mixed or dqrasited when the temperature is below 
freezing. 

If at any time during the progress of the work the temperature is, or in 
the opinion of the engineer will within twenty-four (24) hours drcv to 3S 
degrees Fahrenheit, the water and aggregates shall be heated and precautioiii 
taken to protect the work from freezing for at least ten (lO) days. In no 
case shall concrete be deposited upon a frozen sub-grade. 

XII. SHOULDERS 

39- CONSTRUCTION : Where shoulders m required they shaU be 
built upon the properly prepared sub-grade, as shown on the profile and cnMi- 
scctional drawing, Figure 12, page 183. The work shall be done to the cntin 
satisfaction of the engineer. 
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StandMd Specifications for ConcKte Roads and Pavements of tiie 

American Concrete Institute 

1914 

Two Course Concrete Street Pavement 



MATERIALS 



1 . CEMENT : The cement shall meet the requirements of the Standard 
Specifications for Portland Cement, adopted by the American Society for 
Testing Materials, August i6, 1909, with all subsequent amendments and 
additions thereto, adopted by said society, and adopted by this institute. 
(Standard No. 1.) 

When the cement is not inspected at the place of manufacture it shall be 
stored a sufficient length of time to permit of inspecting and testing. The 
engineer shall be notified of the receipt of each shipment of cement. 

2. FINE AGGREGATE: Fine a^regate shall consist of sand or 
screenings from clean, hard, durable crushed rock or gravel consisting of 
quartzite grains or other equally hard material graded from fine to coarse, 
with the coarse particles predominating and passing, when dry, a screen having 
one-quarter (J^) inch openings. It shall be clean, hard, free from dust, loam, 
vegetable, or other deleterious matter. Not more than twenty (20) per cent 
shall pass a sieve having fifty (50) meshes per linear inch, and not more than 
five (5) per cent shall pass a sieve having one hundred (100) meshes per 
linear indi. 

Fine aggregate containing more than three {3) per cent of clay or loam 
shall be washed before using. 

Fine a^regate shall be of such quality that the mortar composed of one 
(i ) part Portland cement and three {3) parts fine aggregate by weight, when 
made into briquettes, shall show a tensile strength at least equal to the 
strength of 1 13 mortar of the same consistency made with the same cement 
and Standard Ottawa sand. In no case shall fine aggregate containing frost 
or lumps of frozen material be used. 

3. COARSE AGGREGATE : Coarse aggregate shall consist of clean, 
hard, durable crushed rock or gravel, graded in size, free from dust, loam, vege- 
table or other deleterious matter and shall contain no soft, flat or elongated 
particles. The size of the coarse aggregate shall be such as to pass a one 
and one-half (ij^) inch round opening and be retained on a screen having 
one-quarter (^) inch openings. In no case shall coarse aggregate containing 
frost or lumps of frozen material be used. 

4. AGGREGATE FOR WEARING COURSE: The aggregate for 
the wearing course shall consist of a mixture of two (2) parts of the materials 
specified under "Fine Aggregate," and three (3) parts of clean, hard, durable 
crushed rock or gravel, free from dust, soft partides, loam, vegetable or odier 
deleterious matter, and paasing when dry a screen having one-half (^) indi 
openings and retained on 1 screen having ohe-quartcr (J^) inch tveninga. 
In no case shall agEnE*te for wearing courte containing froat or Iuiiq>s of 
frozen material be tmi. 
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TWO COURSE CONCRETE STREET PAFEMENT 

5. NATURAL MIXED AGGREGATE: Natural mixed aKgregate 
shall not be used as it comes from deposits, but shall be screened, and used 
as specified. 

6. WATER: Water shall be clean, free from oil, add, alkali or vege- 
table matter. 

7. REINFORCEMENT: Concrete pavements twenty (20) feet or 
more in width shall be reinforced with metal fabric All reinforcement shall 
be free from excessive rust, scale, paint or coatings of any character which will 
tend to destroy the bond. All reinforcement shall develop an ultimate 
tensile strength of not less than 70,000 pounds per square inch and bend 180° 
around one diameter and straighten wi^out fracture. 

8. JOINT FILLER: Joint Filler shall consist of prepared felt or 
similar material of approved quality having a thic^ess of not less than one- 
eighth (%) nor more than one-quarter (34) inch. 

9. JOINT PROTECTION PLATES: Soft steel plates for the pro- 
tection of the edges of the concrete at transverse joints shall be not less than 
two and one-half (aj^) inches in depth and not less than one-eighth ( W) nor 
more than one-quarter {^) inch average thickness. The plates shall be of 
such form as to provide for rigid anchorage to the concrete. The type and 
method of installation of joint protection plates shall be approved by the 
engineer. 

10. SHOULDERS. Materials for the construction of shoulders shall 
be approved by the engineer. 

II. GRADING 

11. DEFINED: The term "grading" shall include all cuts, 
proaches and all earth moving for whatever purpose where sucb ' 
is an essential part of or necessary to the prosecution of the contract. When, 
to bring the surface to grade, a fill of one (i) foot or less is required, the 
area shall be thoroughly grubbed. All soft, spongy or yielding qx>t$ and all 
vegetable or other objectionable matter shall be removed and the Space refilled 
with suitable material. 

12. ENGINEER'S STAKES: Stakes will be set by the engineer for 
center line side of slopes, finished grade and other necessary points propeiiy 
marked for the cut or fill. 

13. EXCESS MATERIAL: Excess material shall be diqtosed of as 
directed by the engineer, the free haul not to exceed feet. 

14. OVER-HAUL: Materials hauled a greater distance than the free 

haul from the place of excavation shall be paid for at the rate of 

cents per cubic yard for each additional feet. 

15. FILLS: Embankments shall be formed of earth or other approved 
materials and shall be constructed in successive layers, the first of which shall 
extend entirely across from the toe of the slope on one side to the toe of the 
slope on the other side, and successive layers shall extend entirely across the 
embankments from slope to slope. Each layer, which shall not exceed one ( I ) 
foot in depth, shall be thoroughly rolled with a roller weighing not less than 
five (5) tons nor more than ten (10) tons before the succeeding layer is 
placed. The roller shall pass over the entire area of the fill at least twice. 

The sides of Ac embankment shall be kept lower than the center during 
all stages of the work and the surface maintained in condition for adequate 
drainage. The uae of mui^ quicksand, soft clay or spongy material wbidi 
will not conaolidate under the roller is prohibited. 
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When the material excavated fram the cuts is not sufficient to nuke die 
fills shown on the plans the contractor shall furnish the neccssaiy extra nuiteiid 
to bring the filb to the proper width and grade. When the earth woik ii 
completed the cross section of the road shall confoim to the cross secttooil 
drawings and profile shown in Figure 14, page 198. 

16. SLOPES: All slopes must be properly dressed to a line given by die 
engineer. 

17. FINISHED GRADE: When the grade line is approached die 
final grade stakes will be set, for which sufficient notice must be given to the 
engineer. 

Note: (In excavating cuts it is considered advisable, when the line 
of the sub-grade is approached, to compact the remaining matenal I9 
rolling. The depth of material left in the cut to be compressed to die 
finished grade by rolling, will depend upon the character of the ma- 
terial.) 

III. DRAINAGE 

18. DRAINAGE: The contractor shall construct tile or other drains 
as shown in the drawings attached hereto. Tile to be laid in the trend) at 

least ( ) indies 

wide and ( ) feet deq> 

below the top of the adjacent curb. Such trench shall be back filled wiA 
crushed stone or pit run gravel with sand removed which, after light t-ampinE, 
shall be ( ) inches in depth. 

19. CATCH BASINS: All catch basin and manhole tops and all 
covers of openings of any kind shall be readjusted to the grade by the con- 
tractor at his expense. 

IV. SUB-GRADE 

20. CONSTRUCTION : The bottom of the excavation or the top of 
the fill, when completed, shall be known as the sub-grade and shall be at ill 
places true to the elevation as shown on the plans attached hereto. 

The street shall be graded from curb to curb to the proper sub-grade to 
permit of specified thickness of paving materials being laid to bring the finished 
surface of the pavement to the lines and grades as shown on the plans. The 
sub-grade shall be brought to a firm, unyielding surface by rolling the entire 
area with a self-propelled roller weighing not less than ten (10) tons, and all 
portions of the surface of the sub-grade which are inaccessible to the roller 
shall be thoroughly tamped with a hand tamp weighing not less than fifty (50) 
pounds, the face of which shall not exceed one hundred (100) square inches in 
area. All soft, spongy or yielding spots and all vegetable or odier objection- 
able matter shall be entirely removed and the space refilled with suitable 
material. 

Where considered neccssaiy, or of assistance in producing a compact, solid 
surface, the sub-grade, before being rolled, shall he well sprinkled with water. 

When the concrete pavement is to be constructed over an old roadbd 
composed of gravel or macadam, and the concrete is to be wider than the 
old gravel or macadam road, the latter shall be entirely loosened and the 
material spread for the full width of the roadbed and rolled. All intemioa 
shall be filled with fine material, and rolled to make a dense, ti^t surface of 
the roadbed. 

21. ArCEPTANCF; No concrete shsll be depouted upoa the wA- 
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22. COMPLETION : Upon the sub-grade dius fonned shall be laid 
the concrete pavement as shown in Figure 14, page 198. 

V. FORMS. 

23- MATERIALS: The forms shall be free from warp, of sufficient 

strength to resist springing out of shape, and shall be equal in width to the 

thickness of the pavement at the edges. Wooden forms shall be of not less 

than two (2) inch stock, and shall be capped with two (2) inch angle iron. 

24. SETTING: The forms when required shall be well staked or 
otherwise held to the established line and grades, and the upper edges shall 
conform to the established grade of the street. 

25. TREATMENT: All mortar and dirt shall be removed from the 
forms that have previously been used. 

VI. PAVEMENT SECTION 

26. WIDTH. THICKNESS OF CONCRETE AND CROWN: 

The concrete pavement shall be ( ) feet 

wide from face to face of curb. The base of the concrete pavement shall be 

( ) inches in depth at the center 

and ( ) inches in depth at the 

sides. The wearing course shall be of ( ) 

inches uniform thickness. The finished surface shall conform to the arc of a 
circle as shown in Figure 14, page 198. 

Note: (The minimum thickness of the concrete base shall be not less 
than five (5) inches and the minimum thickness of the wearing course 
shall be not less than two (2) inches. When pavements twenty (20) 
feet or less in width arc to be built on approximately level ground and a 
flat sub-grade is to be used, sufficient fall for drainage at the sides of the 
pavement along the curb shall be provided by giving the roadbed the same 
grade as that proposed for the gutter. The crown of all pavements shall 
not be more than one-one-hundredth (i/ioo) of the width except, when 
deemed advisable by the engineer, the crown of a pavement built on a 
crowned sub-grade may be increased to one-liftieth (1/50) of the width to 
provide sufficient fall for drainage along the sides of the pavement at the 
curb, ) 

VII. JOINTS 

27. WIDTH AND LOCATION : Transverse joints shall be not less 
than one-quarter (^) inch nor more than three-eighths (f^) inch in width 
and shall be placed across the pavement perpendicular to the center line, not 
more than thirty-five (35) feet apart. A longitudinal joint not less than 
one-quarter (}4) inch wide shall be constructed between the curb and the 
pavement. All joints shall extend through the entire thickness of the pave- 
ment and shall be perpendicular to its surface. 

28. PROTECTION OF JOINTS: The concrete at transverse joints 
shall be protected with soft steel joint protection plates, which shall be rigidly 
anchored to the concrete. The installation of the metal protection plates shall 
meet with the approval of the engineer. The surface edges of the metal plates 
shall conform to the finished suriFace of the concrete, as shown in Figure 14, 
page 198. 

All jointa over ooe-quarter {}i) inch hi^ or onc^alf (>j) inch low dtall 
ber 
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STANDARD SPECIFICATIONS 

29- JOINT FILLER: All joints shall be formed by insertiiig doiinc 
construction and leaving in place the required thiduicss of joint filler, iriiidi 
shall extend through the entire thi<^ess of the pavement. 

VIII. MEASURING AND MIXING 

30. MEASURING MATERIALS: The method of measuring dw 
materials for the concrete, including water, shall be one whidi will insure 
separate and uniform proportions of each of the materials at all times. A 
bag of Portland cement (94 pounds net) shall be considered one (i) cutnc 
foot. 

31. MIXING: The materials shall be mixed to the desired consiatenqr 
in a batch mixer of approved tj^e and mixing shall continue for at least for^ 
five (45) seconds after all the materials are in the drum. The drum sh^ 
be completely emptied before mixing successive batches. The drum of the 
mixer used shall revolve at a speed not less than the minimum nor more than 
the maximum number of revolutions shown in the following table : 

Rated capacity Capacity Revolutions per 

cu. ft. unmixed bags of cement minute of drum. 

material. i :2 13 mix. Min. &lax. 

7 K> " I »5 31 

12 to 17 2 12 30 

18 to 23 3 12 ao 

24 to 29 4 II 17 

30 to 33 5 10 15 

32. RETEMPERING: Retempcring of mortar or concrete which has 
partially hardened, that is, mixing with additional materials or water, dull 
not be permitted. 

33. CONSISTENCY: The materials shall be mixed with sufficient 
water to produce a concrete which when deposited will settle to a flattened 
mass but shall not be so wet as to cause a separation of the mortar from the 
coarse aggregate in handling. 

34. CEMENT REQUIRED: A cubic yard of concrete base in place 
shall contain at least one and four-tenths (1.4) barrels of cement and a culnc 
yard of wearing course in place shall contain at least two and ninety-sercn- 
hundredths (2.97) barrels of cement. 

The engineer ^all compare the calculated amount of cement required 
according to these specifications and plans attached hereto with the amounts 
actually used in each section of concrete between successive transverse joints, 
as determined by actual count of the number of bags of cement used in each 
section. If the amount of cement used in any three adjacent sections (between 
transverse joints) is less by two (2) per cent, or if the amount of cement used 
in any one section is less by five (5) per cent than the amount hercinbefoie 
specified, the contractor agrees to remove all such sections and to rebuild the 
same according to these specifications, at his expense. 

^t^hkii. ^^' 'f^EINFORCING 

S^BttlNFORCING: Concrete pavements twenty (20) feet or mine 
in width sHlll be reinforced. The cross-sectional area of the reinforcing metal 
running parallel to the center line of the pavement shall amount to at least 
0.038 square inch per foot of pavement width and the cross-sectional area of 
reinforcing metal, which is perpendicular to the center line of the pavement, 
sholl amount to at least 0.049 ^uare inch per foot of pavement loigdi. 

I^iof-ir-in^ nvral (hflU "w >lace'' V'*™e-. w.. i~J imiinng rouiae md 
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TWO COURSE CONCRETE STREET PAVEMENT 

shall not be less dian two (2) indies from the finithed ntrface of the pavement 
and otherwise shall be placed as shown on the drawings. The reinforcing 
metal shall extend to within two (2) inches of all joints, but shall not cross 
them. Adjacent widths of fabric shall be lapped not less than four (4) 
inches. 

X. PLACING CONCRETE 

A. CONCRETB FOR BASE 

36. PROPORTIONS: The concrete shall be mixed in the propor- 
tions of one ( I ) bag of Portland cement to not more than two and a half 
{3>4} cubic feet of fine aggregate, and not more than four (4) cubic feet 
of coarse ^gregatc, and in no case shall the volume of the fine a^rcgate be 
less than one-half (5^) the volume of the coarse aggregate. 

37. PLACING CONCRETE : Immediately prior to placing the con- 
crete, the sub-grade shall be brought to an even surface. The surface of the 
sub-grade shall be thoroughly wet when the concrete is placed. 

After mixing, the concrete shall be deposited rapidly in successive batches 
upon the sub-grade prepared as hereinbefore specified. The concrete shall be 
deposited to the required depth and for the entire width of the pavement, in a 
continuous operation, between transverse joints, without the use of intermediate 
forms or bulkheads. 

The concrete shall be brought to a comparatively even surface, the thick- 
ness of the wearing course, below the established grade of the pavement. 
Workmen shall not be allowed to walk on the freshly laid concrete, and if 
sand or dust collects on the base it shall be removed before the wearing course 
is applied. The reinfordng metal shall be placed upon and slightly pressed 
into the concrete base immediately after it is placed. 

In case of a breakdown, concrete shall be mixed by hand to complete the 
section, or an intermediate transverse joint placed, as hereinbefore specified, 
at the point of stopping work. Any concrete in excess of that needed to 
complete a section, tt the stopping of work, shall not be used in the work. 
B. CONCRffTB FOR WEARING COURSE 

38. PROPORTIONS: The mortar- for the wearing course shall be 
mixed in the manner hereinbefore specified in the pr<q>ortion of one ( i ) bag of 
Portland cement and not more than two (2) cubic feet of "Aggregate for 
Wearing Course" hereinbefore specified. 

39. PLACING: The wearing course shall be placed immediately after 
mixing and in no case shall more than forty-five {45) minutes elapse between 
the time that the concrete for the base has been mixed and the time the wearing 
course is placed. 

40. FINISHING: The wearing course shall be stnick oS by means of 
a template or strike board, which shall be moved longitudinally or crosswise 
of the pavement. Concrete adjoining the metal protection plates at transverse 
joints shall be dense in character and any holes left by removing any device 
used in installing the metal proteaion plates shall be immediately filled with 
a mortar compoxd of one ( i ) part Portland cement to not more than two {2) 
parts of fine aggregate. 

After being brou^t to an established grade with the template or strike 
board, the concrete shall be finished from a suitable bridge, no part of whidi 
shall come in a>ntact with the concrete. The concrete shall be finished with 
a wood float in a manner to thorou^y compact it, and produce a surface free 
from depretsioiu or iaequalitiet of any kind. The finished surface of the pave- 
ment shall not vaiy more thin one^uuter (K) ^^"^ iTom the true shape. 
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STANDARD SPECIFICATIONS 
XL PROTECTION 

41. CURING AND PROTECTION : Excepting as hereinafwr tped- 
fied, the surface of the pavement shall be sprayed with water as soon as the 
concrete is sufficient!)' hardened to prevent pitting, and shall be kept wet until 
an earth covering is placed. As soon as it can be done without damaging the 
concrete, the surface of the pavement shall be covered with not less than two 
(2) inches of earth or other material which will afford equally good pro- 
tection, which cover shall be kept moist for at least ten (10) days. When 
deemed necessary or advisable by the engineer freshly laid concrete shall be 
protected by a canvas covering until the earth covering can be placed. 

If at the time the pavement is laid, or during the period of curing, the 
temperature during the daytime drops below 50 degrees Fahrenheit, crinkling 
and covering of the pavement shall be omitted at the direction of the engineer. 

Under the most favorable conditions for hardening, in hot weather, the 
pavement shall be closed to traffic for at least fourteen (14) days, and in 
cool weather for an additional time, to be determined by the engineer. 

The contractor shall erect and maintain suitable barriers to protect the 
concrete from traffic, and any part of the pavement damaged from traffic or 
other causes occurring prior to its official acceptance shall be repaired or 
replaced by the contractor, at his expense, in a manner satisfactory to the 
engineer. Before the pavement is thrown open to traffic the covering shall 
be removed and disposed of as directed by the engineer. 

42. TEMPERATURE BELOW 35 DEGREES FAHRENHEIT:' 
If at any time during the progress of the work the temperature is, or, in llie 
opinion of the engineer, will within twenty-four (34) hours drop to 35 
degrees Fahrenheit, the water and aggregates shall be heated and precautions 
taken to protect the work from freezing for at least ten (10) days. In no 
case shall concrete be deposited upon a frozen sub-grade. 

XII. SHOULDERS 

43. CONSTRUCTION: Where shoulders are required they shall be 
built upon the properly prepared sub-grade as shown on the cross sectional 
drawing, Figure 13, page 182. The work shall be done to the entire satisfac- 
tion of the engineer. 

Committee on Standard Specifications for Concrete 
Roads and Pavements 

C. W. BOYNTON, A. N. JOHNSON, 

InspECting Engineer, Universal Port- State Highway Engineer, Springfield, 

land Cement Co., Chicago. Illinois. 

EDWARD N. HINES, PERCY H. WILSON, 

Chairman, Board oi County Road Secretary, Association of American 

Commissioners of Wayne County, Portland Cement Manufacturers, 

Detroit, Michigan. Philadelphia, Pennsylvania. 

THOMAS H. MacDONALD, JAMES R. MARKER, 

State Highway En^neer. Ames, State Highway Commissioner, Co- 
Iowa, lumbus, Ohio, 

A. R. HIRST, H. G. SHIRLEY, 

State Highway Engineer, Madison, Chief Engineer, Maryland State 

Wisconsin. Roads Commission, Baltimore, Maij- 

FRED CHARLES, land. 

City Engineer, Ric»>"'w.'l tnrf^na TORN B. HITTELL, 

<?RED C SMITH Civil Engineer, Board of Local Im- 

,"•*• FiF'f"**' ■"' -• -J .— ^l^^veI'«M• 'nica*" 
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TOPICAL INDEX 

Rutman /tran* ruftr 19 pag9 namtbura^ itaUe tiMwrma rmftr to ^arawrmpAm, 

Afgragmtea 

17-;-2; 46-2. 
REQUIREMENTS, ESSENTIAL, S9S-9; 90-1 to * inc. 
SPECIFICATIONS, TENTATIVE, 91-6-7-*; 92-1 to ;/ inc.; 93-; to 4 inc. 
FINE. 8^-9; 2-2-6'9-10 93-7 to 10 inc.; 9+-/-J. 
COARSE, 90-;-7-*; 90-3; 91-/-2-5; 94-/. 
GRADING, 90-#; 91-#-5. 
STRENGTH, 93-5-6; 94-;-2; 95-;. 
TESTS, 9^3$. 
WATERPROOFNESS, 94-/; 95-*. 

Conatniction 

35-J-#; 36-/ to 8 inc. 

METHODS OF, 49-/.2. 

RULES OF, 113-6-7.*; 114-/ to 10 inc. 

COST OF, p. p. 142 to 144 inc. 

CAMPS, 35-*. 

MATERIALS, 

Distribution of, 36-2; p. p. 126 to 134 inc. 

Mixing and Placing of, p. p. I3S to 141 inc. 
MATERIALS USED. 

Sand, 36-5; 127-5; n^l-2-3. 

Aggregate, 36-^; 128-*-5-6. 

Cement, 36-5; 127-*. 

Water, 126-2-J-#; 127-/-2-5. 
PRECAUTIONS, 36-6; 37-2. 
PROTECTION AND CARE, 36-7-*; 37-2. 
SUPERINTENDENCE, 134-/. 
INSPECTION, 134-J. 

ContmctloQ and ExpBa$ion 

CAUSE AND EFFECT. 

Temperature, Variation in. 53-/-3; 54-/ to 6 inc.; 55-/ to 4 inc.; 73-J; 

76-/. 

Moisture Content, 55-5-6; 59-/ to 12 inc.; 60-/ to 5 inc.; 61-/ to // inc. : 

72-«: 73-/ to 4 inc. 

Sub-baK, Condition and Character. 61-/2; 62-/ to 5 inc.; 63-/. 

Traffic, 63-/. 
CRACKS, PREVENTION OF, 

Cracks, Cause and Occurrence of, 63-2 to 8 inc.; 65-Table /; 72-2. 

Quality, Effect of, 64-/ to 5 inc. 

Sbb Ungth, Relation of, 64-6-7-8; 66-/ to 6 inc. ; 67-/ to 6 inc.; 11-3-4-S. 

CroM Section, Relatbn of, 67-7; 68-7 (o 10 inc. 

Reinforcement. Value of, 68-//; 69-/ to dine; 88-9. 

Joint*. Effect of, 69-9; 70-/ to 8 inc.; 72-7. 

Sub-baw, Effect of, 70-9; 71-/ to ^ inc. ; ns. 
INVESTIGATION. TOPICS FOR, 71-/ to 12 inc. 
OCCURRENCE, 84-6. 
EXPERIMENTS. 77-5-tf; 78-/-2. 
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RELATIVE. 34-2. 
AVERAGE, 51-2. 
CONSTRUCTION, p. p. 142 to 144 lac 

Cncka 

49-i-#; 51-/; 77-*; 78-*-5-(S; 79~2-4-7-8-9; 80-3-4i 86-/; 87-i; 8S-/ to S inc.; 
96-2-J; 99-S-9; 100-5; 101-?; 102-/ to 5 inc.; 103-/ to 6 inc.; 110-9; llH-S-12; 
105-/-2; 107-/-2-J. 

Crown 

20-//; 36-6; 48-/: 146-6-7-*; U1-1-2-3; p. p. 148-149-150: 152-/. 



Curing nnd Protecting 

22-7; 49-2; 51-7; p. p. 122 to 125 inc. 



19-2; 31-5; 36-/. 

Experiments 

CONCRETE ROADS, 

Ithaca. N. v., 39-*; 40-/ to 5 inc. 

Washington, D. C, 40-d. 

New York City, Borough of Rictunood, 41-/. 

Borough of Queens, 41-J-<; 42-/, 

Bergen County, New Jersey, 41-2. 

Montgomery County, Maryland, il-3-4-5; 43-/ t\ 
MATERIALS FOR ROAD BUILDING, 

Aggregates, Gravel, 42-5. 

Crushed Limestone, 42-5. 

Crushed Trap Rock, 42-5, 

Cement, Concrete, 40-d; 42-5; 44-5. 

Oil-Cement, Concrete, 40-5-rf; 41-/ to 4 inc.; 42-J 
SURFACES, 

Oil Asphalt, 40-2; 40-5; 42-/; 44-5. 

Semi-Aspbaltic Oil, 40-5; 44-5. 

Tar Asphalt, 42-/. 

Coal Tar, 40-5; 42-/; 44-5. 

Water-gas Tar, 40-5; 44-5; 45-/. 

Bituminous Concrete, 42-5; 44-5. 

Cement, Concrete, 42-5. 

Brick, 42-5. 

Bituminous Materials, 42-5; 44-5-^. 
JOINTS, 42-5. 
EXPANSION, 43-2-5. 

ExpaosioQ 

(See Contraction and Expansion). 

ABniTY TO BEAR, 31-5. 

■/o*^' ^mf>n t%uiBi. ij\Kt (,u (ibBt. ..uii--~ 
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TOnCAL INDEX 
nnuiclng 

SOURCES OF INCOME, Tajiation, Direct, 

State, 26-3; 29-S; 30-/. 

County, 26-J; 29-/-J; 37-5. 

Townriiip. 26-5; 28-5-(!; 29-2-4-5. 

Taxes, Special, 26-3. 

Bond Issues, 21-5-6; 28-2; 29-4; 30-2: 37-5. 

License Fees, automobile and Icindred, 26-3; 29-J. 
FEDERAL AID, Revenues, Current, 

Customs, 26-5. 

Internal Revenue, 26-5. 

Congressional Appropriations, 26-9; 27-2-5; 30-5. 

Available, 27-2. 

State Aid, 27-rf; 30-5. 
FUNDS, 

E^nditure of, 2&-4-S-6; 29-2-5. 

Restriction of, 27-/. 
;. 29-3-5. 



Ptaithing 

p. p. 122 to IZS inc. 

Fomu 

20-5-*; 36-4-6. 

Grades mnd Grading 

18-/-2-5; 19-/; 31-5; 147-<-5. 
DISHED, 151-/-5; 153-2. 
p. p. I4S-149. 

Hauling and Handling, Methods of 

WATER, 126-2-5-4; 127-/-2-5. 

CEMENT, 127-^. 

SAND, 127^5; 128-/-2-J; 133-*: 134-2. 

GRAVEL AND STONES, 128-4-5-6; 132-?; 133-/-2-*; 134-2. 

POWER, USE OF, 128-7; 129-/ to 7 inc.; p. p. 130-131; 133-5 t< 

COST, 132-5 to 6 inc. 



LINCOLN HIGHWAY, 24-5; 34-1. 

Iowa Road Policy 

p. p. 31-32-33. 

Jointf 

21-/ to 4 inc.; 36-f ; 49-5; 51-9; 84-5 to S inc. 

REQUIREMENTS. 77-/. 

LOCATION AND SPACING, 77-2-5; 78-/ to 7 inc.; 79-/ to g Inc.; 80-/-2-i; 

81-/-2-5. 

TYPES, 82-/ to d inc.; 83-/ to 4 inc. 

MAINTENANCE, 83-5; 85-/. 
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TOPICAL INDEX 
Joints (cotUd.) 

EXPERIMENTS, 77-J; 81-/; 84-5. 

STEEL PROTECTION, 17-1 ; 81-i to 4 inc.; S2-4-S-6: 83-J; MrS; 85-#; 

86-^-J: &7-2-3-4. 

CREOSOTE BLOCKS, 83-*; 85-5. 

FILLERS, 

Compressibfe Compounds, 79-5; 8fr-J; S2-Z: 8J-2-J; 84-5; 85-/; 86-*. 

Laws, Road 

IOWA, 32-2. 
MICHIGAN, 34-/. 

Lincoln Highway 

24-i; 33-#. 

Maintenance 

FUNDS, 29-5: 29-5. 

COST OF, 37-/; Ill-Table; I12-/-i. 

METHODS OF, tlO-/ to 4 inc.; 112-2; 113-/ to 5 inc. 

Materials 

PROPORTIONS AND CONSISTENCY OF, 19-5 to S inc.; 20-/^; p. p. 

154 to 156 inc. 

HANDLING AND HAULING, METHOD OF, p. p. 126 to 134 inc. 

MIXING AND PLACING OF, p. p. /55 to 141 inc. 

PRICES OF, 31-5. 

ACCEPTANCE, REQUIREMENTS FOR, 51-4-1}. 

REJECTION. CAUSES FOR, 51-5. 

Michigan 

WAYNE COUNTY, p. p. 34 to 3S inc. 
MICHIGAN AVENUE ROAD, 31-2-$. 
PLYMOUTH ROAD, i7-6. 

Mixing and Placing 

21-6-7-S: 48-5-4; 51-6; 140-9. 

MIXER, THE, 135-5 to 7 inc.; 136-;-2-5; 141-#-5. 

MIXING, REQUIREMENTS OF GOOD, 136-*-5-6; 137-/-2-5; 140-/0. 

MIXTURE, 

Proportions, 154-5; 155-/. 

Conaiatency, 138-2 to 5 inc.; 140-/0; 141-/-2-5; 1S4-(S; 155-2. 
PLACING, 139-/ to (Sine; 140-/ to 5 inc. 

Ohio 

CONCRETE ROADS, p. p. 46 to 52 inc. 

OrgBnixations, Road 

GENERAL, 32-2-3-4. 

COUNTY, STATF. NAT'ONAL. 6~': 2*-/-5- 33-/. 

Protecting 

'S-« Cv"nB -nt- -«.....-< 
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TOPICAL INDEX 

PUcing 

(See Mixing and Placing). 

Reinforcement 

21-5: ''2-6; 151-4. 

NECESSITY ON ACCOUNT OF. 

Temperature, Charts in, 107-4; 151-?. 

Moisture Content, Variation in, lOS-7. 

Foundation, Defective, 108-2. 

Drainage, Improper, 108-3-4. 

Slab, Insufficient Thickness of, lOa-5. 
CONSTRUCTION, FAULTY, 108-6-7-*; 109-7-2-5. 

Roadi, Pefmaneat 

ESSENTIAL REQUIREMENTS OF, 31-5. 

NECESSITY OF, 32-7. 

SPECIFICATIONS FOR CONCRETE, p. p. 157 to 166 inc. 

CONCRETE, 34-J; 35-2-J; 37-6-7; 47-/ to 5 inc.; S2-3; p. p. ISr to 16S inc. 

COSTS, p. p. 142 to 144 inc. 

RMda, TemponuT 

Bituminous, 34-2. 
Macadam, 34-2; 35-2. 
Dirt Roads, 32-/. 

Snb-Grmde 

47-*; 51-5. 

PREPARATION, 96-7-2.5; 97-/; 98-2; 99-7-5-P; 101-4-5; 105-5-*. 

DRAINAGE, 97-/.#inc.;98-/; 100-/-2-7; 101-;-2-5-tf: 102-/-2-5: 103-5.7-S-P: 

104-7 to 4 Inc.: 105-2: 106-/ -2. 

ROADBED, USE OF OLD, 96-5: 100-rf. 

SPECIFICATIONS, 98-5 to 7 inc.; 99-/ to 6 inc. 

Sboulden 

51-/C; 115-/ to 4 inc.; 116-7 to 6 inc.; 117-7 to 6 inc.; 118-/. 
Specification! 

PAVEMENTS AND ROADWAYS. 

American Concrete Institute, 23-2. 

Suifaces 

49-5; 5ft-7 to 4 inc.; Sl~ll-I2; 52-7-2. 

FINISHING AND CURING, p. p. 722 to 125 inc.; 152-5. 

BITUMINOUS, 119-/ to 6 inc.; 120-7 to 6 inc.; 121-7-2. 

Tests 

lT-7-2. 

TUckneM 

20-tf to 9; US-t-5: 146-7 to 5 inc.; p. p. J4S-li9i 151-7-5-5; 152-2-4^5; 153-5. 

WMtfa 

20-/0. 

Note>— Ronui Gguns refer to pace ntunben. 
itatic fictuee refer to panv^ephe. 
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